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ADVERTISEME NT. 


HE Committee appointed By the Roya] Society to direct the pub- 

lication of the Philofophical Tranſactions, take this opportunity to 
acquaint the Public, thar it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in ſeveral former Tranſactions, that the printing of them was 
always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty - ſeventh Volume: the Society, as a body, never intereſting them- 
ſelves any further in their publication, than by occaſionally: recommending 
the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of their affairs, the Tranſactiont had. happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to fatisfy the Public, that their uſual meetings 
were then continued for the improvement of knowledge, and benefit of | 
mankind, the great ends of their firſt inſtitution by the Royal Charters, 
and which they have ever ſince ſteadily purſued. 

But the. Society being of late years greatly inlarged, and their com- 
munications more numerous, it was thought adviſable, that a Committee 
of their members ſhould be appointed to reconſider the papers read be- 
fore them, and ſele& out of them ſuch, as they ſhould judge moſt pro- 
per for publication in the future Tranſafions ; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt till reſt on the 
credit or judgment of their reſpective authors. 
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> np rule of the Society, to which they will always adhere, rerente 
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It is Nkewiſe neceſſary on this occaſion to remark, that it is an eſta- 


inipn, as g body, upon any ſubject, either of Nature or Art, 
before 2 And therefore the thanks, which are fre- 
— —— from the chair, to be given to the authors of ſuch pa- 
pers, as are read at their accuſtomed meetings, or to the perſons through 
whoſe hands they receive them, are to be conſidered in no other light 
than as a matter of civility, in return for the reſpect ſhewn to the Society 
by thoſe communications. The like alſo is to be ſaid with regard to 
the ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society; the authors whereof, or thoſe who 


fn 


_ exhibit them, frequently take the liberty to report, and even to certify 


in the public news- papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here · 
after be paid to ſuch reports, and public notices ; which in ſome inſtances 
have been too lightly credited, to the diſhonour of the Society. 
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| THE Prefident « and Council of the Royal * adjudged, 
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| Corrar's Donation; One to Jonx Goopnicxs, Eig. 
for his Diſcovery of the Period of the Variation of Light 
in the Star Algol; and the other to Tomas Hurchixs, 
EN f for his Experiments to ** the TORE of. Mercurial 
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1. An Obſervation of the Variation of Light in tbe Star Algol. 
In a Letter from Sir Henry C. Englefield, Bart. F. R. S. 
and 5. A. to Joſeph Planta, E. Sec. R. S. 


Read November 6, 1783. 


SIR, =— Iaiy 3, 1783. 
AVING been fortunate enough, from the fineneſs of 
the laſt night, to make a ſatisfactory obſervation of the 
variation of Algol, I loſe no time in communicating it to the 
Society. e 7 wh 
The laſt viſible period was June the 1oth, . when Mr. 
AUBERT, as well as myſelf, obſerved it, though imperfectly, 
Vor. LXXIV. B and 


2 FRE Excrerier.y” s Obſervation of. the 


and thought the time of its greateſt diminution was about 21 h. 
in the morning; calculating from thence by Mr. Goopricxe's 
. period of 2 d. 20 h. 48”, the time of leaſt brightneſs was to be 
aůʒbout one o'clock this morning. 0 

All the following obſervations were made — an excellent 
night-glaſs, magnifying about eight times, with a field of 5?, 
| in which therefore 2 and the ę were diſtinctly viſible at 
ö once: 
| I firſt looked out at . and readily found the ſtar, 
though hardly viſible to the naked eye from the vapours near 
the horizon. It appeared much bigger than the ę, and full as 
big again as the 7, alſo in the field at the ſame time. 

At 121 h. I looked again, and ſaw but little difference, as 

Algol was then alſo evidently much brighter than p. I at that 
time faintly perceived it with with the naked eye. 
At +1 h. 10“ the ſtar was but very little bigger than , the 
| diminution having gone on moſt rapidly in the interval be- 
| tween the two laſt obſervations. Though higher above the 
| horizon it was much leſs (if at all) viſible to the naked eye. 

At 1 h. 35“ it was, I think, diminiſhed (though. but little) 
fince the former obſervation. It was ſtill, however, a very. 
little larger than e, but not at all viſible to the naked eye. 

At 2 h. it was ſcarce at all altered from the laſt obſervation ; 
but, if any thing, ſeemed recovering its light. 

I had meant to obſerve its progreſs ſtill further; but return- 
ing to the glaſs at half an hour after two, clouds had ſuddenly- 
covered the whole ſky. 

The fact of the diminution of Algol is, however, fully 

confirmed (if confirmation was wanting) by this obſervation, 

and the accuracy of the 3 fixed by Mr. GooDRICKE aſcer- 
tained,. 


Variation of Light in the Star Algol. 3 
tained, as the phænomenon was certainly within half an hour 
of the time fixed by Mr. Goopgicxe, which, divided on eight 
periods, giwes only an error of four minutes on the length of 
it; and a nearer coincidence is not to be expected in a matter 
of this nature, where eſtimation is the only means of deter- 


mining the brightneſs, and two perſons can hardly agree within 

a few minutes, from the difference of fight, 
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n. Obfrvation on the Oh ee of the Star Algol, by Pali th, 
4 Farmer. Communicated. in a Letter from the Count. te 
- Rrubl, F. K. S. to Sir Joſeph. Banks, Bart. P. R. S. 


Read November 13. 1753. 


Nov. 7, 1783. 
Dover-Strect, 


8 1 R, 


AVAIL myſelf of the permiſſion you gave me, when I 
had the honour to meet you yeſterday in the Drawing- room, 

by ſending you the following ſhort account, which was tranſ- 
mitted to me by Mr. CANZLEK, one of the Elector's Libra- 
rians, dated Dreſden the 1th of Octobe PaLrircn, a far- 
mer of Prolitz, a ©; xllligs-in. The neighbe led of that Reſi- 
dence, ſaw the Frenteſt gbſcuration- of” Algdl on the 12th of 
September, at eher, o'clock, V. NM. ; Ons the, 2d and 5th of 
oracnon zg On the Sth 


the grenteſt mib f bat 


nutes before ſeven, when A u 


neſs till a quarter ell ts ten in the . at which time it had 
entirely recovered its uſual brilliancy and ſize. From his own: 
obſervations he eſtimates the period of that remarkable phæno- 
menon at 2 days 20 hours 5 3 minutes. 


I have the honour to be, &c. 


a 


4 4" " . 4 p . 7 OR 
1 3 * W  * >." - ppt. — FI 
_ . . 5 2 817 * 


C5 1) 


III. Further Obſervations upon Algol. By the ſame. 
g . N tree * 


Read January 15, 1784. 


CT. 2oth, Pari ren ſaw Algol nearly at its greateſt ob- 
ſcuration, at 3 o'clock in the morning: 

OR. 22d, near 12 P. M. he obſerved it _— in the ſame 

ſtate. 

OR. 25th, at about 9 p. M. it append to PIR like a ſtar of 
the third magnitude. He was prevented by clouds from making 
long obſervations ; but as all thoſe he has had opportunities to 
make, indicate a period ſomewhat longer than that of 2 days 
20 h. 51 he is inclined to think that half the difference 
between that period and bis own, vir. 2 d. 20 h. 52 will 
come very near r the truth. | 
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TV, Deſcriptions of the King's Wells at Sheerneſs, Languard- 
Fort, and Harwich. By Sir Thomas Hyde Page, Kut. 


F. K. S.; communicated. by Lieut. Gen. Rainsford, F. R. F. 
Read November 13, 1783. 
LIEUT. GEN. RAINSFORD. 
'SI-R, | : | St. Margaret's-Street, 


March 28, 1783. 


HAD the pleaſure to receive your obliging letter of the 
L 28th ult. mentioning, that it would be ſatisfactory to the 
Royal Society to have a deſcription of the wells at Sheerneſs, 
Harwich, and Languard-Fort, which were made under my 
direction, whilſt I commanded as Engineer at thoſe places. 

I beg to acquaint you, that it will be neceflary to mention 
ſome previous circumſtances that occaſioned thoſe undertakings, 
which will rather interfere with the deſcriptive part, and I fear 
intrude on the patience of the Society; but I ſhall in this re- 
ſpect hope for their indulgence, it being my wiſh to explain 
the nature of the different operations as fully as poſſible, that 
ſimilar ſituations, where water is wanted, may receive benefit 
from the experiments I have had the good fortune to ſucceed 
in; and it cannot fail of affording me the higheſt ſatis faction to 
have an opportunity of communicating this ſubject to the 


knowledge of the public through the Royal Society. 


LU I have 
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Sir T. H. Pacr's Deferiptions of the King's Wells, &c. 75 
I bave only further to requeſt, that you will do me the ho- 
nour to lay the following deſcriptions before Sir JosgyH Banxs 
and the Society; and as you are fully acquainted with the ſub- 
jet, you will confer on me an additional favour by explaining, 
the ſeveral parts (if requiſite) more fully than I have done in 
the written account, when at is under conſideration. 


Lam, &c. 


Some circumſtances reſpecting the garriſons of Sheerneſs, Land- 
guard-Fort, and the Town of Harwich, with a deſcription of” 
the wells which ſupply water for the uſe of the troops, &c. at 
each place. 


The Maſter-general. of the Ordnance (Lord Townsntnp) 
in, the beginning of the year 1778, recommended to his Ma- 
jeſty, that the fortifications upon the Eaſtern Coaſt, including; 
Dover, Sheerneſs, Landguard-Fort, and ſome other places, 
ſhould be repaired, and new works added, where they might 
appear:neceſ{zxry towards a proper ſtate of defence, if a war 
with Holland, or other Northern powers, was found una-- 
voidable. His lordſhip foreſaw the great objection to fortifica- 
tions, in the want of freſh water under the command of the 
guns of our garriſons ; and I had direQtions accordingly to con- 
ſider the ſubject, and report to his lordſhip and the Board of 
Ordnance any ideas that Wight be likely to remedy ſo great a 
defect. 

The dock-yard and garriſon at Sheerneſs were ſupplied with 

water from Chatham at an enormous expence, near two thou- 
| land: 
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ſand pounds per annum, or occaſi onally from Gebel. 
neither of which ſupplies could be continued in Caſe of a ſiege; 
which of courfe would be of ſhort duration from this circum® 
ſtance. Some attempts had been made in former times to ob- 
tain water on the ſpot, by finking wells, but they had failed; 
and ſucceſs in ſuch undertakings was at laſt confidered as impoſ- 
ſible, from the great difficulty they had met with in the vaſt 
quantities of ſea-water, that came by filtration through the 
ſands into their wells, and rendered a progreſs to any con- 
ſiderable depth impracticable. It is probable, that the courſe 
of the river Medway has undergone many changes, and had 
once an out- fall to the ſea, near the high ground of the Iſle of 
Shepey. The docks, garriſons, buildings, &c. for a conſi- 
derable diſtance into the iſland, conſequently ſtand upon very 
looſe materials, which were found, upon ſinking the well in 
Fort Townſhend, to conſiſt. of mud, ſea-beach, and quick- 
ſand, nearly to the preſent depth of the river Medway, and 
admit ſo ſtrong a filtration of ſalt-water, as muſt ever render 
the linking of wells exceedingly difficult. Thus was the ſitua- 
tion in which I found Sheerneſs. 
Landguard-Fort was not more eligible reſpecting water, as a 
place of ſtrength. It was, indeed, better ſupplied under any 
other conſideration, a pipe being laid into the place from a good 
ſpring about two miles diſtant, which furniſhed a plentiful 
quantity of water; but ſuch is the diſadvantage of ſituation 
that, in caſe of attack, that ſpring muſt fall into the poſſeſſion 
of the enemy, and our garriſon of courſe would be deprived of 
its uſe. This was a ſerious conſideration and objection to a 
great extent of fortification, however eligible in other reſpects 
the place might be. 
3 5 Harwich 
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Harwich was judged by the Commander in Chief (Lord 
AMHERST) to be a very proper ſtation for a conſiderable part 
of the army, in time of war with Holland, as centrical to 
furniſh detachments for ſuch parts of the coaſt as might be in 
danger, as alſo to cover a very uſeful harbour and increaſing 
dock- yard; but his lordſhip was fenſible of the want of whole- 
ſome water in that neighbourhood, and gave particular direc- 
tions to eſtabliſh ſuch a ſupply for the camp to be formed 
there, as might appear proper for the health of the troops; 
and the ſubſequent orders given by General RarnsFoRD, who 
commanded that diſtrict, perfectly anſwered every deſirable 
end, until good water was found within his camp. The inha- 
bitants of the town of Harwich had chiefly depended on rains 
for their ſupply, the wells being in general brackiſh from the 
filtration of falt-water. The neighbourhood, to many miles 
diſtance, was not better furniſhed, there being only ſtagnating 
water in ponds or ſhallow wells, which were ſupplied from the 
upper ſurface of the ground; and, whether rendered bad by a 
mixture of copperas, or other mineral, it was not ſuch as could 
be given for the uſe of the troops with any degree of prudence 
or attention to their health, and they were, to avoid dangerous 
conſequences, furniſhed with water, by General RarnseorD's 
order, from the oppoſite fide of the M a nningtree River, by 
boats employed for that purpoſe, the n of the firſt 
campaign. 

I will now endeavour to deſcribe the experiments at each 
place, beginning with the well in Fort Townſhend at Sheer- 
neſs, which with a reference to the plans will, I hope, render 
the ſubject mn intelligible. 
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Sir T. H. Pacs's Deſcriptions of the 
King's W ell, B art Townſhend, Sheerneſs. 


This undertaking was at firſt conſidered as a mere experi- 
ment, the probability of ſucceſs' being much againſt it; I 
however thought the attempt, where a dock-yard of great con- 
ſequence to the navy was eſtabliſhed, ſhould be made, and car- 
ried as far as it could, with a proper attention to ceconomy in 


laying out the money of the public. Such was my opinion 
ſiguified to the Maſter-general and the Board of Ordnance. I 


received an anſwer thereto, expreſſive of approbation, and full 


powers to employ proper perſons, and proceed upon the 
undertaking. 35 

[Theſe previous ſteps Gd highly coca as in all works 
of difficulty, great confidence is as much required as able work- 
men or good plaus. 
The favourable opinion his Majeſty v was 3 pleaſed to 
expreſs publicly of the project, when he viſited Sheerneſs, and 
ſaw the well, tended very much towards its final ſueceſs; and 
the countenance and ſupport of General CxArd, governgr of 


that garriſon, greatly promoted ee in a work of ſuch 


difficulty. „ 

I employed a very ingenious man, Mr. Cor: , engine- maker, 
of Lambeth, as a; chief perſon 1 in this buſi neſs, and received 
every aſſiſtance I expected from his experience and judgement in 
mechanics; and it is but juſtice to him to expreſs, that the ſuc- 
ceſs of the work greatly depended o on his attention and the able 
aſſiſtants he procured from diſtant parts of the kingdom. 

The greateſt acknowledgement is alſo due to the ability of 
Lieut. Hun Rrs, of the Engineers, and Mr. MaRSsHAEL, the 
Ordnance-overſeer, who were conſtantly on the ſpot, and car- 


3 . ried 
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King's Wells at Sheerneſs, &. TT 
ned my orders into execution with the greateſt zeal for the 
ſucceſs of the undertaking as well as judgement. The men- 
tioning theſe gentlemen's names is, as well as a juſtice to their 
conduct, to recommend harmony and mutual exertion in any 
future work of this nature, as, without an equal attention in 
every one, I ſhould greatly doubt ſucceſs, even admitting the 
{ame plan to be in all other reſpects ſtrictly attended to, as 
there would be great difficulty and danger to the lives of the 
workmen if careleſsly carried on. 

The work was begun the 4th of June, 1781, and finiſhed 
the 4th of July, 1782. 

A circle of twenty-two feet diameter was firſt marked out 
on the ground, and the ſpace excavated to the depth of five 
feet ; after which, pieces of wood, called ribs, upon the curve 
of a diameter twenty-one feet four inches, and about nine 
inches ſcantling, were placed, to form a complete circle within 
the excavated part at the bottom, above which other circles 
of the ſame nature were placed, and ſupported by upright 
pieces of ſcantlings, having ſhort boards introduced by the in- 
tervals, which afterwards prefſed upon the circles or ribs, be- 
tween them and the exterior parts. Theſe, when united, 
formed one frame of wood from the bottom to the top, or 
rather higher than the excavated ſpace, and prevented the mud 
of the upper ſurface, which was very ſoft, from falling in upon 
the workmen. In proceeding deeper, care was taken to pre- 
vent the ſinking of the before-mentioned frame by its own 
weight, in excavating parts only under it till another circle of 
pieces like the firſt, called ribs, was formed, and uprights, 
with boards behind, introduced. The diſtance between theſe 
circles was in the firſt, or upper part of the work, about three 


feet; but as difficulties increaſed they were placed nearer, and 
C 2 in 
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in many parts joined each other without any boards or uprights 
(as will appear in the feQion of the plan), and continued 


through the whole of the wooden frame, againſt the weight of 


the mud, quick-ſand, and ſea-beach, to the depth of thirty · 


© fix feet. 


The reaſon of the circular frames being nearer in ſome 'parts 
than in others, aroſe from the greater or leſs quantity of ſalt- 
water that came through the ſands, &c. and often rendered it 
impoſſible to ſink under the frame more than the thickneſs of 
one of the ribs, without danger of blowing up, or of the ſides 
behind the wood flipping with the ſtreams of water, and thereby 
forcing into the bottom of the well, which in ſinking through 
very wet quick-ſand is much to be apprehended; and an acci- 
dent of that nature would entirely deſtroy the work. An at- 


tention to the plan will ſhew at what depths the filtration of 


water was moſt dangerous, and the difficulties at different periods, 
may be eſtimated by the diſtance of the circles, formed of 


ribs, from each other, and where they appear to join, it was 


not without the utmoſt efforts of labour that the work could 
be carried on. At the depth of thirty-ſix feet the wood-work 
was finiſhed, and fix feet deeper a firm foundation of hard blue 
clay diſcovered. The ſeveral parts of the frame were then. 
ſtrengthened wherever it appeared neceſſary, to prevent ſepara- 


tion, and to reſiſt the immenſe preſſure of ſoft mud, quick- 


ſand, and looſe ſea-beach, which were ſupported by it. 

It muſt be obſerved, that the falt-water, after proceeding 
thus far, came in very faſt through all the joints of the frame, 
and that holes were left on purpoſe in certain parts to let it run 
into the well, that it might not be confined entirely to the 
bottom of the Nn which, from the weight upon one part 


only, 


King's Wells at Sheerneſs, &c. 13 
only, might have blown, which is ever (as has been obſerved) 
to be guarded againſt with the utmoſt caution. 

The frame being found of tufficient ſtrength, and the work- 
men able, by conſtant drawing with four 36-gallon buckets, 


to keep the bottom of the well dry enough to proceed further, 
the greateſt difficulty ſeemed to be overcome. The next proceſs 
was to cut off or ſtop the ſalt- water out entirely: to effect 
which, a ſmaller circle was deſcribed at the bottom of the well, 
upon the hard clay already mentioned, of the diameter of eight 
feet in the clear, round which a curb, or circular frame of 
wood, was laid, and a brick ſteening, of two bricks thick in 
tarris, raiſed gradually towards the top of the well, whilſt, as 
it proceeded upwards, the ſpace between the back of this ſteen- 
ing and the wooden frame (fixed fix feet higher) was filled with 
good tempered clay, four feet thick, and carefully rammed. 
During this operation,and raiſing the brick-work, with the clay 
behind it, the water continued to run over them into the center 
of the well, now reduced to eight feet diameter, and was con- 
ſtantly drawn out, to leave the workmen on the ſides ſufficiently 
dry to raiſe their work until they had reached the top, and conſe- 
quently, as it was water-tight, cut off the filtration from the 
ſea, precautions having been taken to prevent the danger of 
blowing at the bottom. 


The next proceeding appeared more ſimple but great care 
was ſtill neceſſary to avoid damaging the foundation of the 


works already done, as the leaſt crack might have again intro- 
duced the ſalt- water. A ſmaller circle than the laſt was there- 
fore deſcribed, and ribs, forming circles of wood, raifed ſome 
feet within the brick- work; and others, of the ſame form, 
were ſunk to the depth of eight feet below the bottom, upon 


which the ſeveral works already deſcribed reſted, After this a 
courſe 
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courſe of bricks was carried up within the laſt mentioned ribs 
or circles, upon a diameter of fix feet, whereby they became 
incloſed and joined with the firſt mentioned brick-work, having 
the clay wall and wooden frame preſſing behind them upon 
larger diameters. In ſinking lower, {mall curbs were at certain 
diſtances (as will appear in the ſection of the plan) placed to 
ſupport the ſteening, which conſiſted of two ſtretching courſes 
of bricks, laid ſeparately, and keyed into the clay or back 
part of the brick-work by rough pieces of ſtone, flint, &c. to 
prevent a flipping or lowering of the ſteening by its own 
weight. The work was carried on from this period, without 
any material difficulty or difference in the clay (except the 
very extraordinary diſcovery of a piece of a tree at the depth of 
300 feet from the top of the well, which 1s ſhewn in the plan) 
until the appearance of water at 328 feet deep, by a ſmall 
mixture of ſand in the clay, with oozing of water from it; 
and at 33o feet deep, upon boring, the whole bottom of the 
well blew up, and it was with difficulty the workmen eſcaped 
the torrents of water that followed them, which was mixed 
with a quick- ſand that roſe forty feet in the bottom of the well, 
at which height it ſtill remains. The water roſe in fix hours 
189 feet, and in a few days within eight feet of the top of the 
well. It has ſince been carefully analyzed by a chemiſt, and 
found perfectly good for every purpoſe; and, it is preſumed, the 
quantity will be equal to every demand of public and private 
uſe at that place, as there has been, ever ſince it was firſt diſ- 
covered, a conſtant drawing of water, and it has hitherto been 
found impoſſible to lower the well more than 200 feet, there 
has conſequently always been a depth left in water of 130 feet. 
It is to be remarked, that the water is of a very ſoft quality, 


and, upon being drawn, has a degree of warmth unuſual in 


common 
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common well- water. It remains yet to be determined whence 
that warmth proceeds; but as it proved wholeſome, the cir- 
cumſtance i 1s fortunate for the ſoldiers of the garriſon, as they 
will not be liable to complaints that are ſo frequent among 
troops (as often happens at Dover Caftle) from imprudence in 
drinking great quantities of very cold well-water. 


King"s Wells at n 


They were begun and finiſhed 3 in the year r792. 

The peculiar ſituation of this fort made it very unlikely that 
fprings of frefh-water could ever be found, there being great 
reaſon to think, that the out- falb of the Ipſwich and Manning-- 
tree Rivers, which unite before they reach they fea, was for- 
merly on the Suffolk fide of the fort, but is now on the Eflex 
ſide; and as the garrifon, in ancient writings, is deſcribed to 
have been built on the Andrew's Sand, there appeared little 
probability of any filtration of water through it, except that of 
the ſea. It, however, ſeemed proper to try the poſſibility of 
ſinking through it, to endeavour to find a hard bottom, ſimilar 
to that diſcovered at Sheerneſs, freſh-water being of vaſt conſe- 
quence to the defence of the place. The work was accordingly 
begun; but about the fame time, in making the excavation of a 
ditch for one of the batteries, at a very few feet from the 
upper furface of the fand, a ſmall quantity of freſh-water was 
perceived; and it was chance that led to a diſcovery of its. 


freſhneſs, from one of the labourers happening to taſte it. The 
Circumſtance 
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circumſtance was reported to me by Mr. RozERTs, the Adjutant 
of the Works; and we, upon examining further, found that 


the quantity of water upon ſinking was conſiderable, and that 


it appeared perfectly freſh. I then ordered the well-ſinkers to 


proceed to this depth at another place, where they found a. 


like appearance of good water; and the quantity was ſo great, 
as to render it very difficult to keep the bottom of the well, at 
twelve feet deep, dry enough to fink further. Every exertion 


was notwithſtanding uſed, and with great labour a well was 
ſunk to the depth of low water mark at ſpring tides, about 


eighteen feet from the upper ſurface of the fand ; when, to the 


ſurprize of every perſon, the water that roſe from the bottom 


became, on a fudden, entirely falt. This put an end to the 


work for a time, as it ſeemed impoſſible to penetrate deeper. I 
then confidered the matter very differently with my firſt idea, 
and though the impoſſibility of having a deep well clearly 


appeared, there remained a proſpe& of a ſufficient ſupply of 


good freſh water. It may now be neceſſary to recolle&, that 
at a very few feet from the ſurface (eight feet) there was good 

water; that it continued in vaſt quantity almoſt to the fpring 
tide low-water-mark, after which the ſalt- water had appeared; 
I therefore directed ſand to be thrown into the well, to bring it 
a little above what had been the /oweft freſb-water line (twelve 
feet from the upper ſurface) and then drew the water out which 
had mixed. After this, the filtration into the well became again 
perfectly freſh, and in equal quantity to the firſt appearance. 
This was, therefore, fixed as the greateſt depth (twelve feet) 
and another well ſunk at forty feet diſtance, with a horizontal 
brick drain, having holes left in the ſides for filtration, as de- 
ſcribed in the plan, to collect the water, and the bottoms of 
beth wells were ſecured with hard materials ; that the whole - 


4 ſupply 
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ſupply of water might be reduced to the drain, which is con- 
ſtructed to prevent as much as poſſible the mixture of ſand 
with the water, and is found to anſwer the deſired end. This 
ſucceſs aroſe from various unexpected circumſtances ; but I am 
yet at a loſs for the cauſe of the freſh water, or whence it 
comes. 1 | 

I conceive, that there is a certain diſtance from the ſea, upon 
every ſandy ſhore, to which the ſalt- water penetrates; where it 
is forced whilſt the tide is at its greateſt height ; and that ſuch 
water, when ſo far preſſed into the ſands, has an action back 
towards the ſea again, as he tide falls, and continues to have it 
until another tide makes it revert; this may account for the 
filtration of falt-water a certain way into a country; and that 
further, from probably higher ſurfaces, there may be freſh-water 
in the ſame continuation of ſands, and the ſeparation diſco- 
verable to a degree of great accuracy; whether this action of 
ſalt- water in the ſand, by friction, can render it freſh, or of a 
leſs degree of ſalt, I:will not pretend to judge. I preſume the 
contrary ; but am even under that idea at a loſs to know how 
ſo much freſh water gets into the ſand at Landguard-Fort, it 
being ſo entirely ſeparated from the ſpring of the country. It 
is evident, upon a full conſideration of the ſubject, that the 
ſea, to the height of lou water, will penetrate a vaſt diſtance 
into a ſandy country, by filtration, and to that height only, it 
having ſo far a conſtant preſſure, and no re- action; the water, 
therefore, being once in the ſand, can never return by the ſame 
paſſage, the cauſe of its entrance ſtill remaining; whereas in 
the higher ſurfaces, the riſe and fall of tides muſt keep it in 
conſtant movement, and the diſtance of filtration will bear a 
proportion to the duration of preſſure which gave it original 
motion. It is probably not ſo eaſy to account for a body of 
Vol., LXXIV. D freſh» 
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freſſi-water being: t to tlie depth of twelve feet in the ſand, and 
in the fame line, a few feet deeper, the water ſhould be en- 
titel) galt, and that they do not mix together. Whether the 
greater ſpecific gravity of the falt-water is ſufficient to prevent 
4 mixture” with the freſh upon a higher line, F cannot venture 
to ſay ; but the fact of there being a ſeparation is beyond 2 
doubt, and the deptiis may be aſcertained to à degree of 
gtea cat accuracy. However this may be accounted for, the 
difcovery at "Landguard-P ort is of very great conſequence to 
che garriſon; and there is reaſon to tllink, that in ſimilar 
factions, where water is wanted; an attention to what has 
been already er be W * e 
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3 King's Wells af Hirwich. 


i; TY 5 
2 They were WOE the. 6th af May, 1551, upon General 
RT NSroRD's taking the command at that camps: and finiſhed 
the. 2gth of September following. 

The wells in this neighbourhood, as * dready ANY hs 
ſerved, being very ſhallow, and only depending on ſprings 
from the upper ſarfaces of the ground, have but little water in 
the ſummer, and the quality of it is very bad. The beſt. of 
the old wells was in the rear of General RalIxsronn's camp, 
and was thought of at firſt for the uſe of the troops; but he 
prudently declined that ſupply. It was imagined, as the water 
from the upper ſurface was of a bad quality, that the moſt 
likely way to obtain a better ſpring was to ſink a well from 
higher ground, and to endeavour to penetrate through a rock 
which lay a few yards under the level of the country, although 
the operation might be tedious, upon the chance of cutting a 


fpring 


Kings Wells Shekrneſs, &c. 19 
ſpring of better water, that might be unconnected with the 
land-drains. The experiment anſwered in every reſpect, as 
there was not a drop of water found till the rock had been en: 
tirely cut through, when, upon finding a confi derable quantity 
of moiſt ſand, and boring into it, a plentiful ſpring was diſco- 
vered, and has ſupplied the troops ever ſince with very good - 
water. It is probable this ſupply, the ſpring being very power- 

ful, will be found equal to every demand for public and pri- 
vate purpoſes, in the dryeſt ſeaſons. After this ſucceſs, as nut- 


through the rocks, where a good ſpring was alſo found; but 
as that well had been originally ſunk from low ground, a great 
deal of the bad water from the upper drains, ' &c; mixes with 
it, and gives it a diſagreeable taſte. 

The plans will deſcribe the manner of making. theſe wells 
ſufficiently, I have chiefly dw¾elt on the deſcriptive part, to 
recommend, where it is apprehended any mineral or drain from 
the upper ſurface of lands, by mixing in wells, may hurt the 
water, the linking from the heights, as there are few. coun- 
tties whete * very 960d water may not be found, by a proper 


attention to locahty 1 in making yells: | 


1 


Ee 


EXPLANATION OF THE PLATES; 


Tab. I. fig. 1. Section of the King's Well in Fort Townſhend 
at Sheerneſs, © 
Plan of the frame and well: 
4 Section of the frame AA. 
. Plan of the well. 
Tab. II. X. Line of high-water mark. 
V. Line of low-watet mark. 
Z. Line of low-water at ſpring- tides. 
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ter of curiofity, an old well was made deeper, by excavatin g 
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v. Extra# of a Letter from Edward Pigott, Es. to M. de 
Magellan, F. R. S.; containing the Diſcovery of a Comet. 


N 


Read November 27, 1783. 


8 IX, | York, Nov. 22, 1783. 
HAVE the pleaſure of informing you, that I diſcovered a 


comet on the 19th inſtant, and have made the * 
obſervations on ĩt. | 


Date. ; R. A. North Decl. 
' 1783 h. f 3 3 
JJ ig: <8 «7g 8 

[71 20 10 54 — 40 © — 


4 32 


Nov. 21. This night I ſaw the comet whem I expected i it, 
accordin g to the above determinations ; ; but could not obſerve it 
with an inſtrument. 

The comet looks like a nebula, with a diameter of about 
two minutes of a degree. The nucleus being very faint, is ſeen 


with ſome difficulty, when the wires of the inſtrument are 
illuminated. It is not viſible with an opera glaſs. 


TE tA | v 
Philos. Trans Vol. L. XXIV. Tab.l.p. . | 
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VI. Project for a new Divifion' of the Quadrant, By Charles. 
Hutton, LL. D. F. R. S. In a Laiter to the Rev. Dr. 
Maſkelyne, F. R. S. and Aſtronomer Royal. 


Read November 27, 1783. 
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2 | Royal Mil. Acad. Woolwich,. 
DEAR S I R, | * 12, 1782. 


AVING long ſince thought it would be a meritorious. 

and uſeful ſervice, to adapt the tables of fines, tangents, 
and ſecants, to equal parts of the radius. inſtead of to thoſe of 
the quadrant; and having frequently mentioned this project to 
you, six, as a proper judge and promoter of all uſeful im- 
provements in ſcience; I now beg leave to-lay before you ſome 
obſervations I have thrown together on the ſubject, with a view 
to ſtimulate others, either to undertake and calculate ſome part 
of ſo large and painful a work, or to communicate farther hints 
for the improvement and eaſier performance of it. 


I have the honour to be, &c. 


A projet 


* 


22 Dr. Hur rod Projett for a 


4 * _ rene fines, tangents, Jecants, Sc. Fo _ - 
Fy 1 paris of the radius. 


1. The Abbe diviſion of the quadrant or the Hide into 
equal parts by 6oths, which has been delivered down to us from 
the ancients, and gradually extended by ſimilar ſub-diviſions 
by the moderns, among various uſes, ſerves for trigonometrical 
and other mathematical operations, by adapting to thoſe divi- 
ſions of the arc, certain lines expreſſed in equal parts of the 
radius, as chords, lines, tangents, &c, But among all the im- 
provements in this uſeful branch of ſcience, I have long wiſhed 
to ſee a ſet of tables of fines, tangents, ſecants, &c. con- 
ſtructed to the arcs of the quadrant as divided into the like 
equal parts of the radius as thoſe lines themſelves. In this 
natural way, the arcs would not be expreſſed by diviſions of 
boths, in degrees, minutes, &c., but by the common decimal 
ſcale of numbers; and the real lengths of the arcs, expreſſed in 
ſuch common numbers, would then ſtand oppoſite their reſpective 
ſines, tangents, &c. The uſes of ſuch an alteration would 
be many and great, and are too obvious and important to need 
pointing out or enforcing. I have therefore had for a long 
time a great deſire to commence this arduous taſk; but conti- 
nual interruptions have hitherto prevented me from making any 
conſiderable progreſs in ſo deſirable an undertaking. But I am 
not without hopes that ſome future occaſion may prove more 
propitious to my ardent wiſhes. It is not, however, to be ex- 
peed, that this work can be accompliſhed by the labours of 
one perſon only; it will require rather the united endeavours 
of many. I ſhall therefore explain a few particulars relative to 
my project of this work, with a view to obtain from others, 

who 
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es may Have leiſure af abilities for it, their kind af une, 
either by communicating hints of improvements, or by under- 
taking ſome part of the computations, to which they may be 
excited by their zeal for the accompliſhment of fo i important a 
work, and by the extreme — with which the caleulations 
in this way are made. | 

2. In the firſt place then T would obſerve, 4 I think it 
will be ſufficient to print the fines, tangents, '&c. to ſeven 
places of figures; and that therefore it will be neceflary to 
_ compute them to ten places, in order effectually to ſecure the 
truth of the ſeventh place to the neareſt unit. 

3. I would affume the radius equal to 100000, or ſuppoſe it 
to be divided into 100000 equal parts. Then it is well 
known, that the ſemi-circuniference will be 3141 59*26536 
nearly, and conſequently the quadrant nearly 157079*63268 
of the ſame equal parts, which is leſs than 1 57080 by · 36732, 
or nearly £ of an unit, or nearer 322 375, or nearer r = 
3636, or. ſtill nearer x4 3684, or ſtill nearer = 36666 
&c. And the half quadrant, or + of the circle, 78 53981634 
which is leſs than 78 540 by any» 18366, or nearly 3 only of 
any of the above-mentioned fractions. 

4. The table may conſiſt of five or more columns; the firſt 
column to contain the regular arithmetical ſeries of arcs differ- 
ing by unity, from the beginning, in this manner, 1, 2, 3, 4, 5, 
&c. up to half the quadrant, the next leſs whole number 
being 78539; then for the higher numbers, or thoſe in the 
latter half quadrant, beſides adding 1 continually, there muſt 
be at the firſt added the decimal -63268, which will make all 
the numbers in this half become the exact complements of the 
firſt half, which conſiſts of whole numbers only; and thefe 


will be the lengths of the arcs, Or, in order to include the 
| 2 quadrantal 
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Dr. Nur rows Projeft for ©. 
quadrantal are 7853981634, the firſt column may be-conti- 
nued up to 58540, The ſecond calumn to contain the cor- 
reſponding degrees, minutes and ſeconds to the neareſt ſecond, 
or to the true ſeconds and decimals of a ſecond, for the conve- 
nience of eaſily changing the tables from the one meaſure to 
the other, or ta make them anſwer to both methods; and the 
3d, 4th, 5th, &c. columns to contain the correſponding fines, 
tangents, ſecants, &c. 
5. The tables may be diſpoſed as at preſent, namely, conti- 
nuing them downwards by the left-hand ſide of the pages, as 
far as to the middle of the quadrant, and then returning them 
again backwards and upwards by. the right-hand ido of the 
Pages. | 
6. In this diſpoſition, the numbers on the ſame line, the one 
on the left and the other on the right, will be exact comple- 
ments of each other to a quadrant, and the decimal 63268, in, 
every number in the latter half quadrant, in each page, namely, 


either at the bottom of the column, or . on th. 
lifes of it. I | 
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7. A ſpecimen of the Ft . of the table will therefore. 
be. 
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8. To fill up the ſecond column. Since the length of the 
quadrant 1 is 157079 63267948966, and the number of ſeconds 
in the quadrant is go x 60 * 60 = 324000; therefore, as 
157079'632 &c. : 324900 :: 1 : 2 2-062648062470964 = the 
number + "SY anſwering to each unit in our diviſion of the 
quadrant, and which therefore being continually added will 
all up the ſecond column. 

9. The number of ſeconds to be continually added being 2, 
and the decimal -062648062470964, which is nearly equal 

to 7, for , is -0625 ; therefore, beſides adding 2 every time, 

VoL. LXXIV. E 2 we 
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we muſt alſo add 1“ more at ney 16, which will make 3“ to 
be added at every 16th time, and 2“ at every other time befides ; 
but the firſt time the 3“ muſt be added wilt be at the arc or 


number 8, to have them to the neareſt ſecond, the repetition 
of the fraction 4 the arc 8 amounting to above 4 a ſecond; 


and then the 3” muſt be added at every 16 afterwards, vis. at 
24, 40, 56, 72, 88, 104, &c. 
10. But beſides the conſtant addition of 20 —_ time, and 


of 1” more every 16th time, there muſt be 17 more added for 


every 67531 time, on account of the exceſs of the fraction 
-0626480624 70964 over the fraction 062 5 or : for that 


fp And the eaſieſt 


method of making this laſt addition of 1 at every 675 3 2, will 
be to make the increaſe of the 1 on account of the , at an 
unit ſooner for every 422 22; becauſe 16 is 422-3, times con- 
tained in 67534 3 by wich means the incremental units for 
the h will become 1 more at that number 67531, which laſt 
unit may be conſidered as the increment of the former incre- 
ment for the _*., and ſo proceed up to the quadrant ; which 
will complete the ſecond column of arcs to the neareſt ſecond 
in each number. Or this ſecond column may be exactly com- 
your to as many decimals as we pleaſe, by adding contmually 
the 2“ and decimals, viz. 2:062648062470964. But at the 
middle of the quadrant, where the numbers return again up- 


exceſs is *000148062470964 which is = 


wards by the right-hand, there will for once be to be added 


only the ſeconds and decimals anſwering to the arc 63268, 
Vi2. 1*30499618 ſeconds, that number being neceſſary to make 
the numbers on the right-hand to be the exact complements 
of thoſe on the left. Or it will, perhaps, be proper to make 
them to the neareſt unit in the 6th place of decimals. And to 
4 fill 


nes 


| new Diviſion of the Quadrant. "I 
fill up the ſecond column to this degree of accuracy, add con- 
tinually 2062648 ſeconds, but at the 9th line add 1 more, or 

| 2:062649, becauſe g times 062470964 amounts to 56223867, 

or more than half a unit at that place; and after that add 1 more 

than 2062648 at every 16th line, viz. at 25, 41, 57, 73, &c. 

becauſe 16 times 062470964 amounts to 9995 3542, or nearly 

1, it being only 00046458 leſs than 1. And this number 

*000464.58, thus added too much, will, in 134 times adding 
it, amount to more than 06223867, the exceſs of 56223867 
above 5, or half a unit, at that place; therefore at the line or 

number 2153 (or 9+16 x 134) which would be to have the 
1 more added, let the 1 be there omitted, and add it at the 
next line or 2154, the true decimals after the firſt fix, for 21 5 3 
being 499985, and for 21 54 they are 562456. Continue thus 

always adding 1 more at every 16th line, except at the fol- 
lowing numbers, where the 1 muſt be omitted, and added at 
the next following number; viz. 

[2153 21 10765 19377/27989 36601 45213153535 62437171033] 
431412926(215381301 50138746/47353|55970[04582173194 

6459 15071 23003) 32295 40907 4951958131ʃ66743/75339 

8620017232258 4434456430525 1664 602766888877 500 

And thus proceed to the middle of the quadrant; by which = 

means all the numbers will be to the neareſt unit in the fixth (| 

or laſt place. Alſo, to have a check upon theſe numbers at | 
certain intervals, it may be proper to proceed in this manner: 

Furſt find every tooth number, by adding its decimal 204806 

&c. verifying them at every roth; then find every 16th num- 

ber, by adding continually +002 369 &c. which will alſo be 

checked and verified at every 25th addition by one of the for- 
mer ſet of 100, for 25 times 16 make 400, uſing a proper pre- | 
E 2 caution | 


we 9 W 


caution to preſerve each number true to the neareſt unit in the 


6th or laſt decimal. 2-44. | F £ 


As to the decimals of the numbers in the Jatter half of the 
quadrant, they will be the complements, to 1, of the corre- 
ſponding numbers in the firſt half; and therefore they may be 
all eaſily found by taking each figure from 9, and the laſt from 
10. But it will be ſafeſt to find only every 1th decimal in this 
way, aud to fill up the intermediate nine by adding, as before, 
the conſtant decimal 062648; by which means they will be 


checked and verified at every 1oth number. 

11. To fill up the third column, or that of fines, as well as 
thoſe of tangents and ſecants, it may firſt be obſerved, that 
the old tables of thoſe lines to every minute, or even to every ten 
ſeconds of the quadrant, cannot be of fo much uſe as it might 
ſeem at firft ſight ; as the very near coincidence of the num- 
bers in the new and old divifions appear very ſeldom to happen. 
J find, indeed, that our arc 1309 anſwers nearly to 45 minutes, 
that arc exceeding 45 by only · 0632363 or A part of a ſe- 
cond nearly, and fo in proportion for their equi multiples. But 
although this degree of coincidence may be ſufficient for check- 
ing the correſponding values of the arcs in the firſt and ſecond 
columns, we are not thereby anthoriſed to conſider the fine, 


tangent, or ſecant of 1 3og as accurately equal to that of 45 in 


all the ſeven places of figures, but differing from it by nearly the 
x part of the difference correſponding to 1“, which is about 
of an unit in the ſines and tangents, though next to nothing 
in the fecants. This, therefore, although it makes no ſenſible 
difference in this particular caſe, will cauſe a. difference that 
muſt not be neglected in the equi-multiples of 1 309 and 45, 
the ſines and tangents of which will differ by half a unit or 

3 more, 


new Diviſion of the Yyadrant. 29 
more, and therefore will not be expreſſed by the ſame number, 
but will have ſome ſmall difference in the ſeventh or laſt figure. 
And the ſame will happen in almoſt all the other arcs; fo that 
generally the fines, &c. which are exact for the arcs in the 
firſt column, will not be quite ſo for thoſe in the ſecond, when 
expreſſed in whole ſeconds only, fince theſe will ſometimes 
differ by the part correſponding to almoſt half a ſecond. How- 
ever, in this, or any other caſe, where the difference is exactly 
known, we may. profitably make uſe of the numbers in the 
old tables for conſtructing or verifying thoſe of the new, by 
taking in the proportional part of the difference. Let, there- 
fore, all the fines, &c. of every 1309 be computed from the 
old tables, and entered in the new, oy adding to the ſine, &c. 
of the correſponding multiple of 45” the like multiple of the 
+: part of the proportional difference for 1“. This will give 
about 120 fines, &c. to ſerve as a verification of the computa- 
tions by the more general methods. But if the ſecond column 
be exactly conſtructed with all its decimal places by the conti- 
nual addition of 206264807, the old tables may be converted 
into the new, by allowing for the odd ſeconds and decimals, 
And for this purpoſe it will, perhaps, be beſt to uſe the large 
table of RaueTIcus, which contains the fines, tangents, and 
ſeconds, to ten places of figures for every 10”', and alſo the 
differences. At leaſt, ſuch fines, &c.. may be found in this way 
as have their ſeconds and decimals well adapted for the pur- 
poſe; and for ſuch as would be found too troubleſome in this 
way, recourſe may be had to ſome of the following methods. 

12. Let us now examine the expreſſions for the ſines, Kc. 


by infinite ſeries. 


The 


Dr. Hur rox's bg for a 
The radius being 1, and arc a, it is well known that the 


3 2 | 1 . 2 1 
fine is 24 50 rr — Tags a e Nerat &c. 


* 
1 


3 2 3 9  .$ 10 
cone 1 e- Is di gere @ = cases d. e. 
&c. 


PETS hs 123 1 ts 37 7 1382 Art 
tang. =@ e Mi. 717 + 7559 4 
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Or the ſame ſaries are thus otherwiſe . 


fn 


242 


coſine =1 = - 
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ſecant = * mo Sober” In += ar” od &c. 
_ 0 ge a” 2555e , 9 5 

cofec. a” + > a+ bo Lb Eat a + 1245 a + 25146 © &c. 


where b, 6. d, e, * denote the GON co-efficients. And 
hence, with the help of the table of the firſt ten powers "of 
the firſt 100 numbers, in p. 101, of my tables of powers pub- 
liſhed by order of the Board of Longitude, may be eaſily 
found the fines, &c. of all arcs up to 100, by only dividing thoſe 
powers by their reſpective co-efficients, as alſo of all multiples 
of theſe arcs by 10, 100, &c. by only varying the decimal 
pomts in the ſeveral terms, as the figures will be all the fame : 

and 


new Diviſion of the Quadrant. * 
* thus a number of primary ſines, &c. may be found, to 
check or verify the fame when computed by other methods. By 
this method will be found the fines, &c. of the arcs 


I, 10, IOp, looo, 1000005 
2, 20, 200, . Z0000 

3s 30, 300, 3000035 > 
4. 40, 400, 4000, 4000 

&c. till wo 


99, 990, 9900, 99000, ene 1 

13. Again, it is evident, that, of the terms in the ſeries for 
the ſine, the firſt term à alone will give the fine true to the 
neareſt unit in the ninth place in the firſt 144 ſines, or the arc 
and fine will be the ſame for nine places as far as the arc 144 ; 
but they will agree to the neareſt unit in the ſeventh place as 
fat as the are 669-; after which the ſecond term of the ſeries 
muſt be included. 

14. When the fend term 1s taken in, - ohh two nn 
a —- + & will-give the fines true to the neareſt unit in the ninth. 
place till the arc becomes 3500. Now the numbers in my 
table of cubes (juſt publiſhed by order of the Board of Longi- 
tude) extend to 10000, and therefore all the above cubes are 
found in it; conſequently taking the ſixth part of thoſe cubes, 
and ſubtracting i it from the correſponding arcs, the remainders 
will be the ſines of thoſe arcs, as far as till the are be 3500: 
after which the third term of the ſeries may be taken in, or 
other methods may be uſed. 


1 5. But ſince, for any arc 4, this 1s a general theorem, bi. 


— ü3—24— 


as radius : 2 col. 4 :: fin. na: ſin. 1 1 X 4A ſin. IX 4; tak- 
ing a= 1, radius 10000, the fine of 4 will be 1 0000000000; 


and the coſine of 4 will be 100000 = '000005, and the 
above 
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above proportion will become 100000 : 200000.—*00001,' or 
1 2 *000000000t : : ſin. : fin.n — 1 + fin. 2＋4 1; conſe» 
quently fin. 2 1 4 ſin. 2 Ti is = 2 fin. u. — 000000000t 
fin. 4, and the fines are in arithmetical progreſſion except 
only for the ſmall difference of .-oocooooo01fin.n, hence 


ſin. 1 T I is = 2=-000000600r x ſin. = fin;s 1; and there- 
fore taking » ſucceſſively equal to 1, 2, 3, 44 e. the ſeries 
of ſines will be as follows: 
ſin. 1 = I οοοοοꝓοB,EtWʃaʒGz; 
fin. 2 ='2 = *0000000001 wha 13 be; 
ſin. 3= 2 — 0000000001 * ſin. 2 ſin. 1; + 9719 
fin. 4 ='2 = <00000000T x fin. 3 —fin 3 
im. 5 2 = *0000000001 x ſin. 4 - ſin. 3 
And by this theorem, vis. fin. i =2— 0000000001 & ſin. 
n fin. z—'1, may be eaſily filled up the intervals between 
thoſe primary numbers mentioned in * articles. 
16. In like de manner, as radius: 2 coſ. a:: coſ. na: coſ. n— 1. 4 

+ col. n+1.4; and hence this theorem, coſ. T 1 
2 6000000001 x col. 1 coſ. 2 1, by which the coſines 


will be all eaſily filled up. And theſe rwo theorems for the 
ſines and cofines are ſo eaſy and accurate, that we need not 
have recourſe to any other, but only to check and verify theſe at 
certain intervals, as at every 100th number, by a proportion from 
RueTicvs'scanon, as mentioned at art. 11. or by any other way. 


43K 
: . 


8 the radius and coſine will be the verſed ſine; the dif- 
iFference between radius and ſine will be the co- verſed fine: and 


the ſum of the radius and coſine will be the nn ſine. 


18, From 


The fines and cofines being compleated, the difference 


as Auth. 
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che ſines and colines allo, the tangents, cotati 


18. From 
gents, 8 . may”! be mide by theſe n 


Fan, VIZ. As 


d 10 At 
1. So tine | : radtus :: e 5 besten, 2 0 d 
2. ine radius :: : coline : u e 1 23 
3. coſine 25 radius : d radius he > ſecant, 8. 
4. ſine P radius * cofetant, 
5. radius: :: ſecant 1 tangent, 

6. radius : coſine : + Ceed: cotangent, 

7. tangent: radius :: radius : cotangent. 
Wherefore, the reciprocal of the coſine will be the ſecant; the 
_ reciprocal of the fine, the coſecant ; the quotient of the ſine by 
the cofine, the tangent ; and the quotient of the coſine by the 
fine, the cotangent; or the product of tlie ſine and ſecant will 
be the tangent, and the product of the coſine and coſecant, 
= = e or, laſtly, the reciprocal of the tangent is the 
gent ; proper regard being had to the number of decimals, 
0 account of our radius being 100000 inſtead of 1 only. . 
And theſe are to be uſed when the application happens to 

eaſier than the general ſcries, and eaſier than by | hi 
tion from RaegrTius' s canon. ny 7 
But there are other particular theorems, which; by a little 
addreſs, may be rendered more expeditious than any of the 
former: thus, / 
19. In any two arcs this is a general proportion, 

As the difference of their ines : 

to the ſum of their fines :: 

ſo tangent of half the difference of the arcs : 

to tangent of half their —_ 7-9 
So that by taking continually the arcs, having the common 
difference 2, the third term of this proportion will be 1, and 
the fourth term will be found by dividing the ſum of the fines 
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by their 8 which arif r 5 Aaken will n never con- 


fiſt of more than four or five figures, viz, about half the num. 


C& P44 Gy 


ber of figures that are in n the diviford mentioned in t the pres 
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ceding article... > 
20. * As the difference of 17 8 colines : ? 
10 the ſum « of the colines :: 
12 ry tangent of half their difference: hy 
20 to tangent of half their ſum. Es 
And thus the cotangents will be found by dividing the ſum of 


the coſines of two arcs, differing by 2, by their ſmall difference. 


44.4 "# 


21. Alfo the ſecant of an are is equal to the ſum of its tan- 
gent and the tangent of half 3 its compleinent ; and the cole- 


e <4 4iw 


cant of an arc ĩs equal to the ſum of 1 its cotangent 7 and t the | tan- 


gent of; an the arc; or half the ſum of the tang gent and 
is equal to the colccant of, the double are. From 


1 


>. Thus 1 have — out ' methods b * which * Whole 


he may be readily conſtructed. Should any other a uſeful 
methods or improvements occur to any p ſon, the communi- 
cation of them to me will be thankfully received. 1 am now. 
engaged in making ſome of the computations ; . and i it is hop 
that the facility 'of them, with the deſiteableneſs of the ta . 
will induce ſome ingenious lovers of the mathematics to lend 
their aid in performing ſome part of the work. Should any 
ſuch be ſo inclined, before he begins, I muſt requeſt he will be 


pleaſed to ſignify his intention to me, that I may Point out to 


Him ſuch parts of the work as have not before been performed 


or undertaken, to prevent the chance of loſing his labour by 
re- computing any parts that may have been already executed 


by myſelf or others, 
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F The" Fixel Stare, in  conſequence- of tbe Diminutiois of: the 
V. m of their Light, m caſe fuch' a' Diminution ſhould be 
ſrcb other Data ſhould be 
procured from Obſervations, as would be farther neceſſary for 
, that Purpoſe. By the Rev. John Michell, B. D. F. R. &. 
. a Letter to FW IM an 2. F. * E and A. . 
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"DEAR 10, % „ ie rhe wil; 
1 method, which mentioned * you when I Was laſt 
L in Lonjie, b by Which it might 'pethaps be pofſibls bo 
find the 7 m goitude, aud wieiglit of ſome of the fixed 
e dimifiution of the velocity f tlieir 
ic foot after L wrote what 18 owe we! by 


4 4 4 FE LY 
© 1333 


ESTLEY in | 
minution of the velocity o of light in  conſoqutnce of Coal 


FAR Ye, 


yon of the Ts but the extreme difficulty, und perhaps im- 
Po Gbilir y, of p procuring the other data neceſſary for. this par- 
po e appeared to iel to be Tuck objections agaliſt the ſcheme, 
whed I ficſt, thought of it, that I gave it then no farther conſi- 
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deration. -As-ſome, late obſervations, hqwever,” begin! o FP 


— a little more chance of proeuring ſome at leaſt of theſe data, 


I tho upht 3 it would not be amiſs, that aſtronomers ſhau}d. be 
apprized of the method, 1 propoſe (ans as far * en 
A; 9 * "Has 
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ale Wenn 5 other, and the pelo mh, Fa the re volv- 


26 Mfr. Mien. on the Mhans/of diſcovering the 
has not been ſuggeſted by any one elſe) leſt, for want of being 
aware of the uſe, which may be made of them, they ſhould 
neglect to make the proper obſervations, when in: their er z 
EHaU therefore (beg the favour.of you to preſent the follo wing 
paper on this lube to the Royal Fociety, - © bid AS 
Noro. „Gnade bo . | 
ws be Nr id _ N . wo 
S. AA GN Hadid oc of 71 hs A 
THE. very great fiumaber of lars, that haye N 8 
to be double, triple, &c. particularly by Mr. Hxnscnzl *, if 
we apply the doctrine of chances, as I have heretofore Fwy in 


my Enquiry into the probable Parallax, &c. of the Fixed 


. 


\ 


Stars, publiſhed: in the Philsfphical Tran ſactions for the 


year 1767, cannot leave a doubt with any one, who 1s is properly 
aware of the force of "thoſe arguments, that by: far the greateſt 
Fart, if, not all of them; are ſyſtems of .ſtarg 2 near 15 7 5 
other, as; Probably, to be liable to, be affette d ſen fibly b V4 the ir 
mutual gravitation; and ãt is, therefore not. un ly. chat th 


periods of the revolutions of ſome o of theſe about th their princi- 
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palsi(the;{maller ones being, upon this bypothelis, to 2 0 


fadered as ſatellites to the ede r . — or oth 
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F ® See his Catalogue of Stars, of this kind, | publithed in the Beep Trinf- 
a&tions for the year t582, Uli is indeed a moſt valuable: preſent to the aſtrono- 
mical world. By a happy application of very high magtifyiug powho: to his 
teleſcopes, and by a moſt perſevering induſtry in obſerving, he has made 2 very 
wonderful] progreſs in eherne of aſtronomy, in which almoſt nothing of = 
confequence had been done by any one before him. 
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ing ; body being given, the denſity of the central body will -be 
given likewiſe. See Sir Eule Nxwrrox s Prin. b. III. 4 805 VIII. 


2 


cor. oF 

3. But the Katz, of any central body wha given, wi the 
velocity any other body would acquire by falling towards it 
from an infinite height, or, which i is the ſame thing, the velo- 
city « of a comet revolving in a ' parabolic orbit, at its ſurface, 
being given, the quantity of matter, and conſequently thy? 
real magnitude of the central body, would be given hkewiſe. 

4. Let us "now ſuppoſe the particles of light to be attiaQted 
in the ſame manner as all other bodies with which we are ac- 
quainted ; ; that f is, by forces bearing the fame proportibn to 
their vis mertiæ, 0 wh ich” there can be no reaſonable doubt, 
gravitation being,” as far as we know, or have any reaſon to 
believe, an univerſal | law-of nature. Upon this fuppoſition 
then, if any one of the fixed ftars, whoſe denſity was known 
by t the above-mentioned means, ſhould be large enough ſenfibly 


to affect the velocity of the . iffuing fem _ we ſhould 


" uo. ' 


hive the means c ol 7 0: 5381 an 


to that line rüde evety where het to ng 
forces at the points, at which they are erected reſpectively, the 
velocity acquired by a body beginning to move from reſt, in 
conſequence of being ſo urged, will always be proportional to 
the ſquare root of the area ien by the aforeſaid . 


To 


culars. And hence, | 
6. If ſuch a body, inſtead of le nntsg to move end reſt,” 


had _— ſome velocity in the direction of the ſame line, 
when. 


3 abs. Micwkyzen the Means of diſevuering the - 
when it began to be urged by the aforeſaid forces, its velocity 
would then be always proportional to the ſquare root of the 
ſum or difference of the aforeſaid area, and another area, whoſe 
ſquare root would be proportional to the velocity which the 
body had before it degan to be ſo urged; that i is, to the ſquare 
root of the ſum of thoſe areas, if, the motion acquired was in | 
the fame direction as the former motion _ and the ſquare root of | 
the difference, if it was in a e directen. See cor. 2. to 
the aboveſaid propoſition. | 
7. In order to find, by the foregoing propoſition, the velo- 
4 Which a body would acquire by falling towards any other 
central body, according to the common law of gravity, let Ci in 
the figure (tab. III.) repreſent the centre of the central body, to- 
wards which the falling body is urged, and let CA be a line drawn 
from the point C, extending infinitely towards A. If then the 
line RD be ſuppoſed to 3 the force, by which the fal- 
Img body would be urged at any 
would have acquired by falling rom an infinite height, to dhe 
place D would be the ſame as. that which it would acquire by. 
falling from D to C with the force RD. the ; area of the. inſi- 
nitely extended hyperbolic ſpace ARB, where RD; 18 always | 
10vertely proportional to the ſquare of De, bein; Fob. equal to the 
rectangle RC contained between the — RD an CD Epoch 
hence we may draw. the following corollaries. . 0 
8. Cor. 1. The central body DEF. remaining t the fame,” and 
_cafſequently the, forces At, the ſame diſtances remaining. the 
ſamb: lakewiſe, the areas of the. rectangles RC, „C will always 
be inverſely. as the, diſtances of the poinis D, 4 from C, their 
ſides RD, 74 being inverſely in the duplicate ratio. of. the ſides 
CD,: Ed: and therefore, becauſe the velocity of, : a body eus 


from an infinite height towards the Point C; is always ip 
rr a7 F dub. 
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ſub· duplicate ratio of theſe rectangles, it will be in the ſub- 
duplicate ratio of the lines CD, Ca inverſely, Accordingly the 
velocities of comets revolving in parabolic orbits are always in 
the ſub- duplicate ratio of their diſtances from the ſun in- 
verſely; and the velocities of the planets, at their mean dif- 
tances (being always in a given ratio to the velocity of ſuch 
cCotnets, vi. in the ſub- duplicate ratio of 1 to g) muſt neceſſa- 
ily obſerve the ſame law like wiſe. | 
9. Cor. 2. The magnitude of the 2 body remaining 
the ſame, the velocity of a body falling towards it from an 
infinite height will always be, at the ſame diſtance fram the 
point C, taken any where without the central body, in the 
ſub- duplicate ratio of its denſity; fer in this caſe the diſtance 
Cd will remain the ſame, the line rd only being increaſed or 
diminiſhed in the proportion of the denſity, and the rectangle 
C conſequently increaſed or diminiſhed'in the ſame proportion. 
10. Cor. 3. The denſity of the central body remaining the 
frank, the velocity of a body falling towards it from an infinite 
height will always be as its Jemi-diameter, when it arrives at 
the fame proportional diſtance from the point C; for the 
weights, at the furfaces of different ſpheres of the ſame denſity 
are as their reſpective femi-diarneters ; and therefore the fides 
RD and CD, or any other ſides 1d and Cd, which are in a 
given ratio to thoſe ſemi-diameters, being both increaſed or 
diminiſhed in the fame proportion, the rectangles RC or rC 
will be increaſed or diminiſhed in the duplicate ratio of the 
ſemi-diameter CD, and couſequently the velocity in the ſimple 
ratio of CD. 
11. Cor. 4. If the velocity of a body falling from an infinite 
height towards different central bodies is the ſame, when it ar- 


rives at their ſurfaces, the denſity of thoſe central bodies mult be 
4 in 
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In the duplicate ratio of their ſemi-diameters inverſely; for by 
the laſt cor. the denſity of the central body remaining the 
ſame, the rectangle RC will be in the duplicate ratio of CD; 
in order therefore that the rectangle RC may always remain the 
ſame, the line RD muſt be inverſely, as CD, and * — 
the denſity inverſely, as the ſquare of CD. 

12. Cor. 5. Henee the quantity of matter contained in thoſe 
bodies muſt be in the ſimple ratio of their ſemi-diameters di- 
realy ; for the quantity of matter being always in a ratio com- 
pounded of the ſimple ratio of the denſity, and the triplicate 
ratio of their ſemi-diameters, if the denſity is in the inverſe 
duplicate ratio of the ſemi-diameters, this will become the dire& 
triplicate and inverſe duplicate, that is, when the two are com- 
pounded together, the fimple ratio of the ſemi-diameters, 

13. The velocity a body would acquire by falling from an in- 
finite height towards the ſun, when it arrived at his ſurface, 
being, as has been ſaid before in article 3d, the ſame with that 
of 'a comet revolving in a parabolic orbit in the ſame place, 
would be about 20,72 times greater than that of the earth in 
its orbit at its mean diſtance from the ſun ; for the mean diſ- 
tance of the earth from the ſun, being about 214,64 of the 
fun's ſemidiameters, the velocity of ſuch a comet would be 
greater at that diſtance than at the diſtance of the earth from 
the ſun, in the ſub-duplicate ratio of 214,64 to 1, and the ve- 
locity of the comet being likewiſe greater than that of planets, 
at their mean diſtances, in the ſub-duplicate ratio of 2 to 1 ; 
theſe, when taken together, will make the ſub-duplicate ratio 
of 429,28 to 1, and the {quare root of 429,28 1s 20,72, very 
nearly. 


14. The 
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14. The ſame reſult would have been obtained by taking the 
line RD proportional to the force of gravity at the ſun's ſur- 


face, and DC equal to his ſemi-diameter, and from thence 


computing a velocity, which ſhould be proportional to the 
ſquare root of the area RC when compared with the ſquare 
root of another area, one of whoſe ſides ſhould be proportional 
to the force of gravity at the ſurface of the earth ; and the other 


ſhould be, for inſtance, equal to 16 feet, 1 inch, the ſpace a a 


body would fall through in one ſecond of time, in which caſe 
it would acquire a velocity of 32 feet, 2 inches per ſecond. 


The velocity thus found compared with the velocity of the 


earth in its orbit, when computed from the ſame elements, ne- 
ceflarily gives the ſame reſult. I have made uſe of this latter 
method of computation upon a former occaſion, as may be ſeen 
in Dr. PRIESs TLEx's Hiſtory of Optics, p. 787, &c. but I have 
rather choſen to take the velocity from that of a comet, in the 
article above, on account of its greater ſimplicity, and its more 
immediate connexion with the ſubject of this paper. 

15. The velocity of light, exceeding that of the earth in its 
orbit, when at its mean diſtance from the ſun, in the propor- 
tion of about 10.310 to 1, if we divide 10.310 by 20,72, the 


quotient 497, in round numbers, will expreſs the number of 


times, which the velocity of light exceeds the velocity a body 
could acquire by falling from an infinite height towards the 
ſun, when it arrived at his ſurface ; and an area whoſe ſquare 
root ſhould exceed the ſquare root of the area RC, where RD 
is ſuppoſed to repreſent the force of gravity at the ſurface of 
the ſun, and CD is equal to his ſemi-diameter, in the ſame 
proportion, muſt conſequently exceed the area RC in the pro- 
portion of 247.009, the ſquare of 497 to 1, 


Vor. LXXIV. G 16. Hence 
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16 Heuce, according to article 10, if the ſemi-diameter of 
a ſphære of the fame denſity with the fun were to exceed that of 
the fun in the proportion of 500 to 1, a body falling from an 
infinite height towards it, would have acquired at its ſurface a 
greater velocity than that of light, and conſequently, ſup- 
poſing light to be attracted by the fame force in proportion to 
its vis inertize, with other bodies, all light emitted from ſuch a 
body would be tnade to return towards it, by its own proper 
gravity. | | 

x7. But if the ſemi-diameter of a ſphere, of the ſame den- 
fity with the ſun, was of any other fize leſs than 497 times 
that of the ſun, though the velocity of the light emitted from 
fuch a body, would never be wholly deſtroyed, yet would it 
always ſuffer ſome diminution, more or leſs, according to the 
magnitude of the ſaid ſphere ; and the quantity of this diminu- 
tion may be eaſily found in the following manner: Suppoſe 8 
to repreſent the ſemi-diameter of the fun, and aS to repreſent 
the ſemi-diameter of the propoſed ſphzre ; then, as appears 
from what has been ſhewn before, the ſquare root of the dif- 
ference between the ſquare of 497 S and the ſquare of aS will 
be always proportional to the ultimately remaining velocity, 
after it has ſuffered all the diminution, it can poſſibly ſuffer 
from this cauſe ; and conſequently the difference between the 
whole velocity of light, and the remaining velocity, as found 
above, will be the diminution of its velocity. And hence the 
diminution of the velocity of light emitted from the ſun, on 
account of it's gravitation towards that body, will be ſome- 
what leſs than a 494.000dth part of the velocity which 1t 
1 would have had if no ſuch diminution had taken place; for 
the quare of 497 being 247-009, and the ſquare of 1 being 1, 
* the diminution of the velocity will be the difference between 
ER the 
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the ſquare root of 247.009, and the ſquare root of 247.008, 
which amounts, as above, to ſomewhat leſs than one 494-000tis 
part of the whole quantity. | | 

18. The ſanie effects would likewiſe take place, according 
to article 11, if the ſemi-diameters were different from thoſe 
mentioned in the two laſt articles, provided the denfity was 
greater or leſs in the duplicate ratio of thoſe ſemi-diameters in- 
verſely. 

19. The better to iluſtrate this matter, it may not be amiſs 
to take a particular example. Let us ſuppoſe then, that it 
ſhould appear from obſervations made upon ſome one of thoſe 
double ſtars above alluded to, that one of the two performed 
its revolution round the other in 64 years, and that the central 
one was of the ſame denſity with the ſun, which it muſt be, 
if its apparent diameter, when ſeen from the other body, was 
the ſame as the apparent diameter of the fun would be if ſeen 
from a planet revolving round him in the fame period : let us 
further ſuppoſe, that the velocity of the light of the central 
body was found to be leſs than that of the ſun, or other ſtars 
whoſe magnitude was not ſufficient to affect it ſenſibly, in the 
proportion of 19 to 20. In this caſe then, according to arti- 
cle 17, the ſquare root of 247.009 SS mult be to the ſquare root 
of the difference between 247.009 SS and aaSS as 20 to 19. 
But the ſquares of 20 and 19 being 400 and 361, the-quantity 
247.009 SS muſt therefore be to the difference between this 
quantity and aaSS in the ſame proportion, that is as 247.009 to 
222.925, 62; and aaSS myſt conſequently be equal to 24.083, 
38 SS, whoſe ſquare root 155,2 8 nearly, or, in round num- 
bers, 155 times the diameter of the ſun, will be the diameter 
ef the central ftar ſought. 


G 2 „ 20. As 
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20. As the ſquares of the periodical times of bodies; revolv- 
ing round a central body, are always proportional to the cubes | 
of their mean diſtances, the diſtance of the two bodies from 
each other maſt therefore, upon the foregoing ſuppoſitions, be 
ſixteen times greater in proportion to the diameter of the central 


44. 


body, than the diſtance of the earth from the ſun in proportion 
to his diameter; and that diameter being already found to be 
alſo greater than that of the ſun in the proportion of 155, 2 toi, 
this diſtance will conſequently be greater than that of the earth 
and ſun from each other in the proportion of 16 times 155,2, 
that is 2483,2 to 1. 

r. Let us farther ſuppoſe, that from the obſervations, the 
£74095 diſtance of the two ſtars in queſtion appeared to be 
only one ſecond; we muſt then multiply the number 2483,2 
by 206.264,8, the number of ſeconds in the radius of a circle, 
and the product 512.196.750 will ſhew the number of times 
which ſuch a ſtar's diſtance from us muſt exceed that of the ſun. 
The un of matter contained in ſuch a ſtar would be 


155,2 or 3.758.308 times as much as that contained in the 
ſun ; its light, ſuppoſing the ſun's light to take up 8/. 7”. in 
coming to the earth, would, with its common velocity, require 
7.900 years to arrive at us, and 395 years more on account of 
the diminution of that velocity; and ſuppoſing ſuch a ſtar to 
be equally luminous with the ſun, it would ſtill be very ſuf- 
ficiently viſible, I apprehend, to the w_we eye, V 
ing its immenſe diſtance. 

22. In the elements which I have *** in the above com- 
putations, I have ſuppoſed the diameter of the central ſtar to 
have been obſerved, in order to aſcertain its denſity, which 
cannot be known without it ; but the diameter of ſuch a ſtar is 
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much too ſmall to be obſerved by any teleſcopes yet exiſting, 
or any that it is probably in the power of human abilities to 
make; for the apparent diameter of the central ſtar, if of the 
ſame denſity with the ſun, when ſeen from another body, 
which would revolve round it in 64 years, would be only the 
1717th part of the diſtance of thoſe bodies from each other, as 
will appear from multiplying 107,32, the number of times the 
ſun's diameter 1s contained in his diſtance from the earth, by 16, 
the greater proportional diſtance of the revolving body, cor- 
reſponding to 64 years inſtead of 1. Now the 171th part of a 
ſecond muſt be magnified 309.060 times in order to give it an 
apparent diameter of three minutes; and three minutes, if the 
teleſcopes were mathematically perfect, and there was no want 
of diſtinctneſs in the air, would be but a very ſmall matter to 
Judge of“. 


23. But 


In Mr. Hæxschgt's Obſervations upon the Fixed Stars abovementioned, almoſt 
all of them are repreſented as appearing with a well-defined round diſc. That this 
is not the real diſc, but only an optical appearance, occaſioned perhaps by the 
conſtitution of the eye, when the pencil, by which objects are ſeen, is fo exceed- 
ingly ſmall as thoſe which he employed upon this occaſion, is very manifeſt, from 
the obſervations themſelves, of which indeed Mr. HERscEL ſeems to be himſelf 
ſufficiently aware: if it were not ſo, the intenſity of the light of theſe ſtars muſt 
either be exceedingly inferior indeed to that of the ſun, or they muſt be immenſely 
larger, otherwiſe they muſt have a very ſenſible parallax ; for the ſun, if removed 
10 10,000,000 times his preſent diſtance, would ſtill, I apprehend, be of about 
the brightneſs of the ſtars of the fixth magnitude ; in which caſe he muſt be mag- 
nified 1,000.000 times to make his apparent diſc of any ſenſible magnitude ; or, 
on the other hand, if he was only removed to a thouſandth part of that diſtance, 

then he muſt be leſs luminous in the proportion of 1.000,000 to 1, to make him 
appear no brighter than a ſtar of the fixth magnitude. Now the ſun's diameter 
being contained nearly 215 times in the diameter of the earth's orbit, the annual 


parallax therefore of ſuch a body in that caſe, if it was placed in the pole of the 
| ecliptic, 
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4 23. But thöugh therè is not the leaſt probability that this 
element, ſo effential to be known, in order to determine with 
-precifion the exact diſtance and magnitude of a ſtar, can ever be 
obtained, where it is in the ſame circumſtances, or nearly the 
ſame, with thoſe above ſuppoſed, yet the other elements, ſuch 
as perhaps may be obtained, are ſufficient to determine the dif- 
tance, &c. with a good deal of probability, within ſome mode- 
rate limits; for in "whatever ratio the real diſtance of the two 
ſtars may be greater or leſs than the diſtance ſuppoſed, the den- 
ſity of the central ſtar muſt be greater or leſs in the ſixth 
power of that ratio inverſely ; for the periodic time of the re- 
volving body being given, the quantity 'of matter contained in 
the central body muſt be as the cube of their diſtance from each 
other. See Sir I. NewTon's Prin. b. 3d. pr. 8th. cor 3d. But 
the quantity of matter in different bodies, at whoſe ſurfaces the 
velocity acquired by falling from an infinite height is the ſame, 
muſt be, according to art. 12, directly as their ſemi-diameters ; 
the ſemi-diameters therefore of ſuch bodies muſt be in the tri- 
plicate ratio of the diſtance of the revolving body; and conſe- 
quently their denſities, by art. 11, being in the inverſe dupli- 
cate ratio of their ſemi-diameters, muſt be in the inverſe ſex- 
tuplicate ratio of the diſtance of the revolving body. Hence 
if the real diſtance ſhould be greater or leſs than that ſuppoſed, 
in the proportion of two or three to one, the denſity of the cen- 
tral body muſt be leſs or greater, in the firſt-caſe, in the "__ 
portion of 64, or in the latter of 729 to 1. 


ecliptic, would be 215 times its apparent diameter; and as the bright ſtar in 
Lyra appeared to Mr. HERSsCHEL about a third part of a ſecond in diameter, if this 
was its real diſc, and it was no bigger than the ſun, it would conſequently have 
an annual parallax in the pole of the ecliptic of about 72”, 


24. There 
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24. There i is alſo another circumſtance, from which perhaps 
ſome little additional probability might be derived, with regard 
to the real diſtance of a ſtar, ſuch as that we have ſuppoſed ;' 
but upon which however, it muſt be acknowledged, that no 

great ſtreſs can be laid, unleſs we had ſome better analogy to go 
upon than we have at preſent. The circumſtance I mean is the 

greater ſpecific brightneſs which ſuch a ſtar muſt have, in pro- 

portion as the real diſtance is leſs than that ſuppoſed, and vice 
versd ; ſince, in order that the ſtar may appear cqually luminous, 
its ſpecific brightneſs muſt be as the fourth power of its diſtance 
inverſely ; for the diameter of the central ſtar being as the 
cube of the diſtance between that and the revolving ſtar, and 

their diſtance from the earth being in the ſimple ratio of their 7 
diſtance from each other, the apparent diameter of the central. 
ſtar muſt be as the ſquare of its real diſtance from the earth, 

and conſequently, the ſurface of a ſphære being as the {quare of 
its diameter, the area of the apparent diſc of ſuch a ſtar muſt 
be as the fourth power of its diftance from the earth; but in 
whatever ratio the apparent diſc of the ſtar is greater or leſs, 
in the ſame ratio inverſely muſt be the intenſity of its light, 
in order to make it appear equally luminous. Hence, if its real 
diſtance ſhould be greater or leſs than that ſuppoſed in the pro- 
portion of 2 or 3 to 1, the intenſity of its light muſt be leſs or 
greater, in the firſt , in the proportion of 16, or, in the 
latter of $1 to t. 

25. According to Monſ. Bovcvex (ſee his Traite d'Optique): 
the brightneſs of the ſun exceeds that of a wax candle in no 
leſs a proportion than that of $0co to 1. If therefore the bright- 
neſs of any of the fixed ſtars ſhould not exceed that of our com-- 


mon candles, which, as being ſomething leſs luminous than 
wax, 
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wax; we will ſuppoſe in round numbers to be only one 
10. ooodth part as bright as the ſun, ſuch a ſtar would not be 
viſible at more than an 10odth part of the diſtance, at which 
it would be viſible, if it was as bright as the ſun. Now be- 
cauſe the ſun would ſtill appear, I apprehend, as luminous, as 
the ſtar Sirius, when removed to 400. ooo times his preſent 
diſtance, ſuch a body, if no brighter than our common candles, 
would only appear equally luminous with that ſtar at 4000 
times the diſtance of the ſun, and we might then begin to be 
able, with the beſt teleſcopes, to diſtinguith ſome ſenſible ap- 
parent diameter of it; but the apparent diameters of the ſtars 


of the leſs magnitudes would ſtill be too ſmall to be diſtinguiſh- 


able even with our beſt teleſcopes, unleſs they were yet a good 
deal leſs luminous, which may poſſibly however be the caſe 
with ſome of them; for, though we have indeed very light 
grounds to go upon with regard to the ſpecific brightneſs of the 
fixed ſtars compared with that of the ſun at preſent, and can 
therefore only form very uncertain and random conjectures 
concerning it, yet from the infinite variety which we find in 
the works of the creation, it is not unreaſonable to ſuſpect, 
that very poſſibly ſome of the fixed ſtars may have ſo little na- 
tural brightneſs in proportion to their magnitude, as to admit 
of their diameters having ſome ſenſible apparent fize, when 
they ſhall come to be more carefully examined, and with larger 

and better teleſcopes than have been hitherto in common uſe. 
26. With regard to the ſun, we know that his whole ſur- 
face 1s extremely luminous, a very ſmall and temporary inter- 
ruption ſometimes from a few ſpots only excepted. This uni- 
verſal and exceſſive brightneſs of the whole ſurface is probably 
owing to an atmoſphere, which being luminous throughout, 
and 


. 2 &, =», =, oo 


= "S, . 4 - * 4 7 * K = a * ai * ü n * do. n * Kay * | «of, 4. * 
..ff.᷑·rvt. x öl¾,u,s amdlut,ß g en 99 * , 
U L, * 4 . 7 AY * L x Cv +», s i 
ow - * 4 
N * 
* 
u 


Diftance, Magnitude, Gr. of the Hue Sidrs; "Sc. ay 
and in ſome meaſure alſo tranſparent, the light, proceeding 
from a conſiderable depth of it, all arrives at the eye; in the 
fame manner as the light of a great number of candles would 
do, if they were placed one behind another, and their flames 
were ſufficiently tranſparent to permit the light of the more 
diſtant ones to paſs through thoſe that were. nearer, without 
any interruption. 42 
27. How far the ſame confileynines may take place i m the 
fixed ſtars we don't know; probably however it may do ſo in 
many 3 but there are ſome appearances with regard to a few of 
them, which ſeem to make it probable, that it does not do fo 
univerſally, Now, if I am right in ſuppoſing the light of 
the ſun to proceed from a luminous atmoſphere, which muſt 
neceffarily diffuſe itſelf equally. over the whole ſurface, and I 
think there can be very little doubt that this is really the caſe, 
this conſtitution cannot well take place in thoſe ſtars, which 
are in ſome degree periodically more and leſs luminous, ſuch 
as that in Collo Ceti, &c. It is alſo not very-improbable, that 
there is ſome difference from that of the ſun, in the conſtitution 
of thoſe ſtars, which have ſometimes appeared and ſometimes 
diſappeared, of which that in the conſtellation of Caſſiopeia is a 
notable inſtance. And if thoſe conjectures are well founded 
which have been formed by ſome philoſophers concerning ſtars 
of theſe kinds, that they are not wholly luminous, or at leaſt 
not conſtantly ſo, but that all, or by far the greateſt part of 
their ſurfaces is ſubject to conſiderable changes, ſometimes be- 
coming luminous, and at other times being extinguiſhed; it 1s 
amongſt the ſtars of this ſort, that we are moſt likely to meet 
with inſtances of a ſenſible apparent diameter, their light being 
much more likely not to be ſo great in proportion as that of 
the ſun, which, if removed to four hundred thouſand times 
Vor. LXXIV. H his 
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his preſent diſtance would ſtill appear, I apprehend, as bright as 
Sirius, as I have obſerved ahove; whereas it is hardly to be ex» 

| pected, with any teleſcopes whatſoever, that we ſhould ever be 

able to-diftinguiſh a well defined diſc of any body of the ſame 


fize with: the ſun at much more than ten thouſand times his 
diſtance. 


28. Hence the . diſtance at which it would be poſſible 
to diſtinguiſh any ſenſible apparent diameter of a body as denſe 
as the ſun cannot well greatly exceed five hundred times ten 
thouſand, that is, five million times the diſtance of the ſun ; 
for if the diameter of ſuch a body was not leſs than five hun- 
dred times that of the fun, its light, as has been ſhewn above, 
in art. 16. could never arrive at us. 

29. If there ſhould really exiſt in nature any bodies, 10 
denſity is not leſs than that of the ſun, and whole diameters are 
more than 500 times the diameter of the ſun, fince their 
light could not arrive at us; or if there ſhould exiſt any other 
bodies of a ſomewhat ſmaller ſize, which are not naturally lu- 
minous; of the exiſtence of bodies under either of theſe cir- 
cumſtances, we could have no information from ſight ; yet, if 
any other luminous bodies ſhould happen to revolve about them 
we might ſtill perhaps from the matipns of theſe revolving 
dodies infer the exiſtence of the central ones with ſome degree 
of probability, as this might afford a clue to ſome of the ap- 
parent irregularities of the revolving bodies, which would not 
be eaſily explicable on any other hypotheſis; but as the con- 
ſequences of ſuch a ſuppofition are very obvious, and the 
conſideration of them ſamewhat beſide my preſent purpole, I 
ſhall not proſecute them any farther. 


' 30. The 


FA 7 MY A117 = &4 ©. 


e 
I 


wards the refracting medium, an hypotheſis which perfe&t- 


city of the light of ſome particular ſtar to be diminiſhed in the 
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30. The diminution of the velocity of light, in"cafe' it 
mould be found to take place in any of the fixed ſtars, is the 
principal phznomenon' whence it is propoſed to diſcover their 
diſtance, '&c. Now the means by which we may find what 
this diminution amounts to, ſeeſiis to be fupplied by the dif- 
ference which would be occaſioned in conſequence of it, in the 
refrangibility of the light, whoſe velocity ſhould be fo dimi- 
miniſhed. For let us ſuppoſe with Sir Isa ac Nxw ron (ſee 
his Optics, prop. vr. paragr. 4 and 5) that the refraction 
of light is occafioned' by a certain force impelling jt to- 


ly accounts for all the appearances. Upon this hypothefis 


the velocity of light in any medium, in whatever direction it 


falls upon it, will always bear a given ratio to the velocity it 
had before it fel upon it, and the fines of incidence and re- 
fraftion will, in conſequence of this, bear the ſame ratio to 
each other with theſe velocities inverſely. Thus, according to 
this hypotheſis, if the ſines of the angles of incidence and 
refraction, when light paſſes out of air into glaſs, are in the 
ratio of 31 to 20, the velocity of light in the laſs muſt be: to 
its velocity in air in the ſame proportion of 38 to 20. But be- 
cauſe the areas, repreſenting the forees generating theſe veloci · 
ties, are as the ſquares of the velocities, ſes art. 5. and 6. theſe 
areas muſt be to each other as 961 to 400. And if 400 repro- 
ſents the area which correſponds to the force produeing the ori- 
ginal velocity of light, 561, the difference between 961 and 
400, muſt reprefent the area correſponding to the additional 
force, by which the light was accelerated at the ſirface of 4 
glaſs. 

31. In art. 19. we fuppoſed, by way m example, the vole 
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ratio of 19 to 20, and it was there obſerved, that the area re- 
preſenting the femaining force which would be neceſſary to 
generate the velocity 19, was therefore properly repreſented by 
2 ꝛ2dth parts of the atea, that ſhould repreſent the force that 
would be neceſſary to generate the whole velocity of light, 
vhen undiminiſhed. If then we add 561, the area repreſent- 
ing the force by Which the light is accelerated at the ſurface of 
the glaſs, to 361; the area repreſenting the force which would 
have generated the diminiſhed velocity of the ſtar's light, the 
ſquare root of 922, their ſum, will repreſent the velocity of 
the light with the diminiſhed velocity, after it has entered the 
glaſs. And the ſquare root of 922 being 30, 364, the fines of 
incidence and refraction of ſuch light out of air into glaſs will 
conſequently ' be as 30, 364 to 19, or what is equal to it, as 
31, 96 to 20 inſtead of 31 to 20, the ratio of the ſines of 1 inci- 
dence and: refraction, when the licht enters the glaſs with i its 
velocity undiminiſhed. 

32. From hence a at with a * refraſting angle; 
might perhaps be found to be no very inconvenient inſtrument 
for this purpoſe: for by ſuch a priſm, whoſe refracting angle 
was of one minute, for inſtance, the light with its velocity 
undiminiſhed would be turned out of its way 33“, and with 
the diminiſhed velocity 35”, 88 nearly, the difference between 
which being almoſt 27. 53”, would be the quantity by which 
the light, whoſe velocity was diminiſhed, would be turned out 
of its way more than that whoſe velocity was undiminiſhed. 

33. Let us now be ſuppoſed to make uſe of ſuch a priſm to 
look at two ſtars, under the ſame circumſtances as the two ſtars 
in the example above-mentioned, the central one of which 
Ihould be large enough to diminiſh the velocity of its light one 
n part, whilſt the velocity of the light of the other, 

231 which 
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which was ſuppoſed to revolve about it as a ſatellite,” for want 
of ſufficient magnitude in the body from whence it was emit- - 
ted, ſhould ſuffer no ſenſible diminution at all. Placing then 
the line, in which the two faces of the priſm would interſect 
each other, at right angles to a line joining the two ſtars; if 
the thinner part of the priſm, lay towards the ſame point of the 
heavens with the central ſtar, whoſe light would be moſt turned 
out of its way, the apparent diftance of ws ſtars would be in- 
creaſed 2”. 53” and conſequently become 1 218 3 1 inſtead of 17 1 
only, the apparent diſtance ſuppoſed above in art, 21. On the 
contrary, if the priſm ſhould be turned half way round, and 
its thinner part lye towards the ſame point of the heavens with f 
the revolving ſtar, their diſtance muſt be diminiſhed by 2 like ä 
quantity, and che central ſtar therefore would appear 1“. 53“ diſ- 
tant from the other on the oppoſite { fade of it, having been removed | 
from its. place near three times the. whole diſtance between them. 

34. As a priſm might be made uſe of for this purpoſe, which 
ſhould have. a much larger refracting angle than that we have 
propoſed; eſpecially if it was conſtructed, in the achromatic - 
way, according, to Mr. D9LLoND's principles, not only ſuch, a1 
diminution, as one part in twenty, might be. made till more 
diſtinguiſhable; but we might probably be able to diſcover - 
confiderably leſs diminutions, i in the velocity of light, as pery - 
haps a hundredth, a two-hundredth, a five-hundredth, or even 
a thouſandth part of the whole, which, according to what 
has been ſaid above, would be occaſioned by ſphæres, whoſe. 
diameters ſhould be to that of the ſun, provided they were of 
the ſame denſity, in the ſeveral proportions nearly of 70, 50, 
30, and 22 to 1 reſpectively. | 

35. If ſuch a diminution of the velocity 4 light, as that | 
above ſoppoleſ, ſhould. be found really to take place, in conſe- 
qence 
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quence of its gravitation towards the bodies from whence It is 
emitted, and there ſhould be ſeveral of the fixed ſtars large 
enough to make it ſufficiently ſenſible, a ſet of obſervations 
upon this ſubject might probably give us ſome conſiderable in- 
formation with regard to many cireumſtances of that part of 
the univerſe, which is viſible to us. The quantity of matter 
contained in many of the fixed ſtars might from hence be judged 
of, with a great degree of probability, within ſome moderate 
limits; for thoagh the exact quantity muſt ſtill depend upon 
their denſity, yet we muſt ſuppoſe the denfity moſt enormouſly 
different from that of the fan, and more fo, indeed, than one 
can tafily conceive to take place in fact, to make the error of 


the ſappoſed quantity of matter very wide of the truth, ſince 


tlie denſity, as has been ſhewn above in art. f 1. and 12. which 
is heceffary to produce the fame diminution in the velocity of 
light, emitted from different bodies, is as the ſquate of the 
quantity of matter cotitained in thoſe bodies inverſely. - - 
36. But though we might poſſibly from hence form ſome 
reaſonable gueſs at the quantity of matter contained in ſeveral 
of the fixed ftars; yet, if they have no luminous ſatellites 
revolving about them, we ſhall ſtill be at a loſs to form any 
probable judgment of their diſtance, unleſs we had ſome ana- 
logy to go upon for their ſpecific brightneſs, 'or had ſome other 
meaus of diſcovering it; there is, however, a caſe that may 


poſlibly occur, which may tend to Girow ſome light u pon this 


matter. 

37. J have ſhewn in my Enquiry } into the probable Parallax, 
&6. of the Fixed Stars, publiſhed in the Philoſophical Tranſ- 
actions for the year 1767, the extremely great probability there 
is, that many of the fixed ſtars are collected together into 
groups; and that the Pleiades in particular conſtitute one of 


theſe 


Diſtauer, Magnitude, &c. tbe Fixed Stars, &c. «x 5 
theſe groups. Now of the ſtars which we there ſee collected 
together, it is highly probable, as I have obſerved in that paper, 
that there ĩs not one in a hundred which does not belong to the 
group itſelf; and by far the greateſt part, therefore, according 
to the ſame idea, muſt lye within a ſphere, a great circle of 
which is of the ſame ſize with a circle, which appears to us- 
to include the whole group. If we ſuppoſe, therefore, this 
circle to be abont 2*. in diameter, and conſequently only about 
a thirtieth part of the diſtance at which it is ſeen, we may 
- conclude, with the higheſt degree of probability, that by far 
the greateſt part of theſe ſtars do not differ in their diſtances 
from the fun by mare than about one part in thirty, and from 
thence deduce a fort of ſcale of the proportion of the light 
which is produced by different ſtars of the ſame graup or ſyſtem 
in the Pleiades at leaſt; and, by a ſomewhat probable analogy, 
we may do the ſame in other fyſtems likewiſe. But having 
yet no means of knowing their real diſtance, or ſpecific bright 
neſs, when compared either with the ſyn or with one another, 
we ſhall ſtill want ſomething more to form a farther judgment 
38. If, however, it ſhould: be found, that amongſt the 
Pleiades, or any other like ſyſtem, there are ſome ſtars that are 
double, triple, &c. of which one is a larger central body, with: 
one or more ſatellites revolving about it, and the central body 
ſhould likewiſe be found to diminiſh the velocity of its light; 
and more eſpecially, if there ſhould be ſeveral ſuch inſtances 
met with in the ſame ſyſtem; we ſhould then begin to have a 
kind of meaſure both of the diſtance of ſuch a ſyſtem. of ſtars. 
from the earth, and of their mutual diſtances from each other. 
And if ſeveral inſtances of this kind ſhould occur in different 
groups or. ſyſtems. of ſtars,. we might alſo, perhaps, begin to 


form 
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form ſotne probable conjectures concerning the ſpecific denſity 
and "brightneſs of the ftars themſelves, eſpecially if there 
ſhould be found any general analogy between the quantity of 
the diminution of the light and the diſtance of the ſyſtem de- 
duced from it; as; for inſtance, if thoſe ſtars,” which had the 
preateſt effect in diminiſhing the velocity of light ſhould in 
general give a greater diſtance to the ſyſtem, when ſuppoſed to 
be of the ſame denſity with the fun, we might then naturally 
conclude from thence, that they are leſs in bulk, and of 
greater ſpecific denſity, than thoſe ſtars which diminiſh the ve- 
loeity of light leſs, and vice verſa, In like manner, if the 
larger ſtars were to give us in general a greater or leſs quan- 
rity” of light in proportion to their bulk, this would give us a 
kind of analogy, from whence we might perhaps form ſome 
judgment of the ſpecific brightneſs of the ſtars in general ; ; 
but, at all adventures, we ſhould have a pretty tolerable mea- 
ſure of the comparative btightneſs of the ſun and thoſe ſtars, 
upoti which ſuch obſervations ſhould be made, if the reſult of 
them ſhould turn out agreeable to the ideas above explained. 

39. Though it is not improbable, that a few years may in- 
form us, that ſome of the great number of double, triple ſtars, 
&c. which have been obſerved by Mr. HRERSchEL, are ſyſtems 
of bodies revolving about each'other, eſpecially if a few more 
obſervers, equally i ingenious and induſtridus with himſelf could 
be found to ſecond his labours ; yet the very great diſtance at 
which it is not unlikely many of the ſecondary ſtars may be 
placed from their principals, and the conſequently very long 
periods of their revolutions *, leave very little room to hope 

that 


If the ſun, when removed to 10.000.000 times his preſent diſtance, would 
ſtill appear as bright as a ſtar of the fixth magnitude, which I apprehend to be 


pretty 


Diflance, Magnitude, &c. of the Fired Stars, &c., g 
that any very great progreſs can be made in this ſubje& for 
many years, or perhaps ſome ages to come ; the above outlines, 
therefore, of the uſe that may be made of the obſervations 
upon the. double ſtars, &c. provided the particles of light 
ſhould be ſubject to the ſame law of grayitation | with other 
bodies, as in all probability they are, and provided alſo that 
ſome of the ſtars ſhould be large enough ſenſibly to diminiſh 
their velocity, will, I hope, be an inducement to thoſe, who 
may have it in their power, to make theſe obſervations for the 
benefit of future generations at leaſt, how little advantage 
ſoever we may expect from them ourſelves ; and yet very poſ- 
ſibly ſome obſervations of this ſort, and ſuch as may be made 
in a few years, may not only be ſufficient to do ſomething, even 
at preſent, but alſo to ſhew, that much more may be done 
. hereafter, when theſe obſervations ſhall become more numerous, 


and have been continued for a longer period of years. 


pretty near the trath, any fatellice revolving round fuch a ftar, provided the ffar 
was not either of leſs ſpecific brightneſs, or of greater denfity than the ſun, 
muſt, if it appeared at its greateſt elongation, at the diſtance of one ſecond only 
from its principal, be between three and four hundred years in performing one 
revolution; and the time of the revolution of the very ſmall ſtar near « Lyræ, if 
it is a ſatellite to this latter, and its principal is of the ſame ſpecific brightneſs and 
denfity with the ſun, could hardly be leſs than eight hundred years, though 37” 
the diſtance at which it is placed from it, according to Mr. Hzzscnsr.'s obſer- 
vations, ſhould happen to be its greateſt diſtance, Theſe periodical times, 
however, are computed from the above diſtances, upon the ſuppoſition of tha 
ſtar, that revolves as a ſatellite, being very much ſmaller than the central one, ſo 
as not to diſturb its place ſenſibly z for if the two ſtars ſhould contain equal, or 
nearly equal, quantities of matter, the periodical times might be ſomewhat leſs, on 
account of their revolving about their common centre of gravity, in circles of 
little more than half as great a diameter as that in which the ſatellite muſt revolve 


upon the other ſuppoſition, 
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VIII. "= Meteorological Fournal for. the Year. 1782, 17 at 
Minehead, in Somerſetſhire. By Mr. John Atkins ; ; com- 
municated by Sir Joſeph Banks, Bart. P, R. oy 
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| Read A I 5 1784, 


1 
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s I n, : | Minchead, March 27, 1783. | 
HE numberleſs philoſophical facies and meteorolo- 
gical journals which I find have been addreſſed to you, 
as being a gentleman whoſe great abilities have raiſed you to 
the higheſt pitch of grandeur in the philoſophical world, and 
which, I find, have been treated with the greateſt candour and 
reſpect, and publiſhed under your direction for the improvement 
of ſcientific knowledge, make me preſume (though an unknown, 
and even unheard of, individual) to direct this journal to you, not 
boaſting, but rather doubting, of its being worthy of your recep- 
tion; but my having found fo great a difference between the laſt 
year and ſeveral preceding years, in the variations of the atmo- 
tphere, both barometrical and thermometrical, induced me to 
communicate it to other obſervers through your approbation. 


J am, &c. 
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Myr. ATxINs's Mereoralagical Fontual, Kc. 3b 
THE inſtruments are kept at a houſe about thirty feet above 
high water in the Briſtol Channel. The barometer is made after 
DE Luc's method; and to obſerve the moſt minute alteration I 
have divided it into the one-ſixteenth of a line, or 192 parts in an 
inch. The thermometer 1 is a mercurial one, graduated ace 

to FankExRRIr's ſcale, as being the moſt. univerſal, t wor * 
think, a partial one, and placed in the open air in a northern 
aſpect. An hygrometer I have likewiſe kept in the peſt fi 
but being an inſtrument that does not admit of, as I ever hear 
of, a certain baſis, whereon to fix the fundamental point be- 
tween the greateſt moiſture and yreateſt drought, and there- 
fore of little uſe to diſtant obſervers, I have omitted theſe ob- 
ſervations. For the eaſe of correſpondent obſervers, 1 bave 
drawn two columns of the barometer; the firſt divided into 
192d parts of an inch; the ſecond into iooth parts. The 
figures in the column of winds denote its ſtrength from o to 
go degrees of a quadrant. And the moſt prevailing winds are 
from north to weſt, being generally | in thoſe directions two- 
thirds of the year, occaſioned, as I imagine, by the indraught 
of the Briſtol Channel. The barometer . Le a 
greater range than ever I found theſe ſeveral er. being 2 | 
inches. The thermometer likewiſe from 215 to 81%; 204 f. 
three rainy months of October, N ovember,. and December, 
there fell very little more rain than fell in the montli of Auf 5 
guſt alone, which is very uncommon in this part of the king 
dom, . On the ninth of February au odd phanomenon 22 
to me about 10 miles from hence, on my journey to Tiverton: 
1 obſerved an halo, exactly ſimilar to that of the ſun, the cen g 
ter of the arch about 15 high, and both ends terminated in 
field bf ſnow; but as rainbows are ſeen only with the ſun behind 
one's back, this, on the contrary, was between me aud the ſun, 
nas! 3 January 
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IX. Deſcription of a Meteor, obſerved Aug. 18, 1783. 
12 * Mr. Tiberius cs, £3 . 


I 
Read Jan. 15, 1784. 


E IN G upon the Caſtle Terrace at Windſor, i in company 

with my friend Dr. James LI xp, Dr. Locx Ax, Mr. T. 
SANDBY, and a few other perſons, we obſerved a very extra- 
ordinary meteor in the ſky, ſuch as none of us remembered to 
have ſeen before. We ſtood upon the north-eaſt corner of the 
terrace, where we had a perfect view of the whole phænomenon; 
and as every one of the company remarked ſome particular 
circumſtance, the collection of all which furniſhed the materials 
for this account, it may be prefumed, that this defcription.is 
as true as the nature of the fubje& can admit of. 
The weather was calm, agreeably warm, and the ſky was. 
ſerene, excepting very near the horizon, where an hazineſs juſt 
prevented the appearance of the ſtars. A narrow, ragged, and 
oblong cloud ſtood on the north-weſt ſide of the heavens, reach- 
ing from the extremity of the hazineſs, which rofe as high as. 
18 or 20 degrees, and ftretching itſelf for ſeveral degrees to- 
wards the eaſt, in a direction nearly parallel to the horizon. 
Tt was a little below this cloud, and conſequently in the hazy 
part of the atmoſphere, about the N. by W. 3 W. point of the 
compaſs, 
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compaſs, that this luminous meteor. was firſt perceived. Some 
flaſhes of lambent light, much like the aurora borealis, were firſt 
obſerved on the northern part. of the heavens, which were ſoon- 
perceived to proceed from a roundiſh luminous body, nearly as 
big as the ſemidiameter of the moon, and almoſt ſtationary i in 
the abovementioned point of the heavens (ſee A in the an- 
nexed figure, tab. IV). It was then about 25 minutes after nine 
o'clock in the evening, *. This ball, at the beginning, appeared 
of a faint bluiſh light, perhaps from its being juſt kindled, os 
from its appearing through the hazineſs; but it gradually in- 
creaſed its light, and ſoon began to move, at firſt aſcending 
above the horizon in an oblique direction towards the eaſt. Its: 
courſe in this direction was very ſhort, perhaps of five or ſix 
degrees; after which it turned itſelf towards the eaſt, and 
moving in a direction nearly parallel to the horizon, reached as 
far as the S. E. by E. where it finally diſappeared. The whole 
duration of the meteor was half a minute, or rather leſs; 
and the altitude of its track ſeemed to be about 25 degrees 
above the horizon. A ſhort time after the beginning of its 
motion, the luminous body paſſed behind the above-mentioned. 
ſmall cloud, ſo that during this paſlage we obſerved only the 
light that was caſt in the heavens from behind the cloud, 
without actually ſeeing the body from which it proceeded, for 
about the ſixth or at moſt the fifth part. of its track ; but as: 
ſoon as the. meteor emerged from behind the cloud, its light 
was prodigious.. Every object appeared very diſtin& ; the whole 
face of the country in that beautiful proſpect before the terrace 


* Mr..SanvBY's.watch was ſeventeen minutes paſt nine neareſt; it does not mark. 
ſeconds. 5 


being 
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being A illuminated. At this moment Ude of the 
meteor appeared of an oblong form, like that repreſented at B 
in the figure; but it preſently acquired a tail, and ſoon after 

. tparted into ſeveral ſmall bodies, each having a tail, and all 
moving in the fame direction, at a ſmall diſtance from each 
other, and very little behind the principal body, the fize of 
which was gradually reduced after the diviſion (ſee D in the 
figure). In this form the whole meteor moved as far as the 
S.E. by E. where the light decreaſing rather abruptly, the 
whole e 

During the phænomenon no noiſe was heard by any of our 
company, excepting one perſon, who imagined to have heard 
a crackling noiſe, ſomething like that which' is produced by 
ſmall wood when burning. But about ten minutes after the 
diſappearance of the meteor, and when we were juſt going to 
retire from the terrace, we heard a rumbling noiſe, as if it were 
of thunder at a great diſtance, which, to all probability, was 
the report of the meteor's exploſion; and it may be naturally 
imagined that this exploſion happened when the meteor parted 
into ſmall bodies, vs. at about the middle of its track. 

Now if that noiſe was really the report of the exploſion 
which happened in the abovementioned place, the diſtance, 
altitude, courſe, and other particulars relating to this meteor, 
muſt be very nearly as expreſſed in the following liſt ; they 
being calculated with mathematical accuracy, upon the pre- 
«ceding_ particulars; and upon the ſuppoſition that ſound travels 
1150 feet per ſecond. But if the noiſe we heard was not that 


of the meteor's exploſion, then the following calculations muſt 
be conſidered as quite uſeleſs and erroneous. 


1 Diſtance 


—_ 
»-Y 

P * 
* 


Meteor obſerved Aug. 18, 1783. 171 
Diſtance of the meteor from Windſor Caſtle x 30 miles. 


Length of the path it deſcribed in the heavens 550 miles, 
Diameter of the luminous body vhen it came out of 


the clouds IE ER... * 
Its height above the ſurface of the Earth 561 miles. 

The exploſion muſt have happened — over 
Lincolnſhire. 


T. CAvALLO. 
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„ Read Jan. 15, 1784. 


AVING been fortunate enough to ſee both the Meteors, 

of the 18th of Auguſt and of the 4th of October laſt, 1 
think it my duty to communicate the obſervations I made upon 
them to the Royal Society. We are in general ſo little ac- 
quainted with theſe phænomena, that too many accounts of 
them cannot be collected, in order to enable us to form ſome 
idea of their nature, path, magnitude, and diſtance from the 
earth. It is not to be expected, that an obſerver, in the open 
air, to whom the appearance comes totally unexpected, can 
give a perfect account of it; but by going afterwards to the 
ſpot from which he ſaw it, he may, by the affiſtance of the 
objects about him, and ſome proper inſtruments, come near 
the truth : I have followed this method ; and it is the reſult 
thence deduced I have the honour of communicating to the 
Dociety. 

Monday the 18th of Auguſt had been a very ſultry day. At 
the time the meteor made its appearance, although the ſtars 
were bright in the upper part of the heavens, the horizon was 
ſurrounded with a hazineſs which did not permit any ſtars to 
be ſeen under an altitude of about eight degrees. I was on 
horſeback, returning to my Obſervatory at Loampit-hill, near 


Deptford, in Kent; my face was turned towards the South 
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Weſt. I was at the foot of Lewiſham-; bridge, when Ia S much 

* ſurpriſed at perteiving ſuddenly a kind of glimmering light, 

reſembling faint but quickly repeated flaſhes of lightning; ſoon 
after which the light increaſed much towards the North Weſt; 
I turned directly to! it, and ſaw it form into a large luminous 
body like electrical fire, with a tinge of blue round its edges. 
It roſe. from the hazy part of the atmoſphere (which I have 
obſerved might be about 87 high), and moved at firſt almoſt in 
a vertical direction, changing its ſize and frgure continually, 
having to me all the appearances of ſucceſſiwe inflammation, 
and not of a folid: body; at was ſometimes round, at others 
oval and oblong, with its longeſt diameter in the line of its 
motion; although it had got high enough to be quite out of 
the hazy part of the horizon, it was ſurrounded and accom- 
panied in its whole courſe with, a kind of whitiſh miſt or light 
vapour. The place from which it roſe was about 38 from 
the north towards the weſt. After riſing a little way perpen- 
dicularly, it made its progreſs in a curve, ſo as to be at the 
higheſt when it had reached due eaſt, at an altitude of about 
35? ; after which, continuing a few degrees beyond the eaſt, 
and being about 30? high, it left behind it ſeveral globules of 

various ſhapes ; the firſt which detached itſelf being very ſmall, 
and the others gradually larger and larger, until the laſt was 
nearly as large as the remaining preceding body ; ſoon after- 
wards they all extinguiſhed gradually, like the bright ſtars of 
a ſky-rocket, with ſome inclination downwards, which ap- 
pearance might probably ariſe from the upper parts of the ſepa- 
rate bodies extinguiſhing before the lower ones. The meteor 
was at the brighteſt and at the largeſt juſt before its ſeparation ; 
I eſtimated its mapnitude or area then to be equivalent to two 
full moons. Its light, during its whole courſe, was ſo great, 


Vor. LXXIV. © that 


". . 


9 


4 M. aner 8 Anita of fe Motors". 
that I could ſee every object diſtinctly, and when it wad Ons: 


tinguiſhed the night appeared very dark: I could however fee: 
by my watch that it was ſeventeen minutes after nine : as 


ſoon as I got to my obſervatory, which miglit be about ten 
minutes afterwards, having compared it with my regulator, 'H 
found it about half a minute too ſlow for; mean time. I think 
the whole appearance of the meteor, from its firſſ riſing out of 
the hazy part of the atmoſphere to its total. extinction, did not 
exceed ten or twelve ſeconds of time, during which it moved a 
pace correſponding to about 136 in azimuth. L recollect an. 
appearance during its motion, which confirms me in the idea 
E had of its not being a ſolid body. In its progreſs. it did not 
deſcribe a curve as regular as might have been expected from. 
ſuch a body; but ſeemed to move in ſamewhat of a, waving 
line, This irregularity: in its courſe was. probably owing: to. 
changes of its figure and ſize, occaſioned by the train of in- 
flammation not running in. an even line. I ſhould alfa men- 
tion that the meteor appeared extremely near to. me, more 
particularly when it was at the higheſt; yet from the com- 
pariſons made already of. obſervations at ſeveral diſtant places, 
we may reaſonably judge, that it could not be at leben 49> 
ar 59 miles diftance from the ſurface of the earth. .* 

The meteor of Saturday the 4th of October laft wandes: A: 
much fthorter duration and path; I was on horſeback, near 
the ttones. end, in Blackman-Street, Southwark; my face- 
was turned northward... I faw, towards the N. N. E. a trains 
of fire, reſembling in its motion a common meteor, vulgarly 
called a falling ſtar, but the colour. of it was red;. it originated 
at an altitude 05 about 25% and moved quickly in a ſtrait line 
eaſtward, inclining gradually towards the horizon, ſo as to be, 


tis alter a. courſe of J or 207 in azimuth, about. I 775 above the: 


| ©". ho8izon,. 
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Horizon, when it ſpread into a broader train, and growing of a 
1ighter colour, it terminated by reſolving itſelf into a beautiful 


oblong body of the brighteſt fire, like electrical fire tinged 


blue, almoſt as large as the moon; it illuminated the ſtreet 
and houſes much more than any lightning I have ſeen; thoſe 
who had not a direct view of it, took it for a long flaſh of 
lightning. I think its whole courſe did not exceed 25*, nor 
the time of its appearance two or three ſeconds. It extinguiſn- 
ed quickly, and left behind it, in its path, a train of very dull 
reddiſh fire,” which continued viſible to my naked eye above 
one minute and a half. The time of night was forty-three mi- 
nutes paſt ſix; it was a fine ſtar-light evening, warmer than 
the preceding ones; the moon beyond the firſt quarter, and 
very bright ; yet her light was not te be compared tt to the much 


greater light of the meteor. © 


I do not recollect hearing any noiſe or report, either during 
or a the appearance of theſe meteors. 


Nor. 6, Ml ALEXANDER AUBERT. 


Since I wrote'the above account, T have reaſon to think I have 


eſtimated the altitude of the laſt meteor rather too low ; ſome 
of my friends in London, who had, at the time of its appear- 


ance, a very good object of compariſon for its altitude, t 


it nearer 30 than 20 2 
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XI. Obſervations on a remarkable Meteor ſeen on the 18th of 

Auguſt, 178 3, communicated in a Letter to Sir Joſeph Banks, 

Bart. P. R. S. By William Cooper, D. D. F. R. S. Arch» 
dileacon of York. 


1 


Read Jan. i 5, 1784. 


We | © 0 Hartlepool, near Stockton 
D — 25 8 IX, | | 1 Aug. 19, 1783. . 


T0 perſon. could have a better opportunity of diſcerning 
this awful meteor than myſelf. The weather being, for 
this climate, aſtoniſhingly hot. my FanrExneit's thermome- 
ter, on a north poſition, and 1 in the-open air, baving, for ſeve- 
ral days preceding graduated between the hours of ten o'clock 
in the morning and ſeven o'clock in the evening from 74* to 
822, 1 ſet out upon a journey to the ſea - ſide. The weather 
was ſultry, the atmoſphere; hazy, and not a breath of air 
ſtirring. \ Towards nine o'clock. at night it was ſo dark, that 1 
could ſcareely diſcern the hedges, road, or even the horſes 
heads. As we proceeded, I obſerved to my attendants, that 
there was ſomething ſingularly ſinking in the appearance of the 
night, not merely from its ſtillneſs and darkneſs, but from the 
ſulphureous vapours which ſeemeæd to ſurround us on every ſide. 
In the midſt of this gloom, and on an inſtant, a brilliant tre- 
-mulous light appeared to the N. W. by N. At the firſt it 
feemed ſtationary ; but in a ſmall ſpace of time it burſt from its. 
poſition, and took its. courſe to the 8. * by * It paſſed di- 
realy = 
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rectly over our heads with a buzzing noiſe, ſeemingly at the 
height of ſixty yards. Its tail, as far as the eye could form any 
judgement, was about eight or ten yards in length. At laſt, 
this wonderful meteor divided into ſeveral glowing parts, or 
balls of fire, the chief part ſtill remaining in its full ſplendor. 
Soon after this I heard two great exploſions, each equal to the 
report of a canon carrying a nine-pound ball. During its 
awful progreſs, the whole of the atmoſphere, as far as I could 
diſcern, was perfectly illuminated with the moſt beautifully 
vivid light I ever remember to have ſeen. The horſes on which 
we rode ſhrunk with fear; and ſome people whom we met upon 
the road declared their conſternation in the moſt expreſſive 
terms. : 

I have the honor to be, Cc. 
William Coorts. . 
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XII. An Account of the Meteor of the 18th Auguſt, 178 3. I 
4 Letter from Richard Lovell Edge worth, Eis. F. R. S. 1 
"Sir Joſeph Mm _ P. R. 8. 


Read Fan, 15, 1784, 


DEAR SIR, | | . Edgeworthſtoœn, Mullingar, Ireland. 


T half paſt nine in the evening of the 1Bth of Auguſt, 1 00 

ſaw the meteor which has been obſcrved in fo many 
different places. | al 
Its ſize appeared tg be about one third of the moon's diatne- te 
ter; and it moved from the north with an eq uable velocity, at ft 
an elevation of ten or twelve degrees, and in a line parallel to h 


the horizon. 
It was viſible during ten or fifteen ſeconds, and ſeemed to be 


of a parabolic figure, with a luminous tail, twenty or five and | Fa 

twenty of its diameters in length. | bo 

a exhibited the moſt vivid colours; the foremoſt part being MF © 

of the brighteft blue, fallowed by different ſhades of red. 2 

Twice during its flight it was eclipſed or extinguiſhed, not | ic 

gradually, but at once, — and emerging with undi- 4 

A miniſhed luſtre, | = = 
1 I ſhall not venture to trouble you with any conjectures upod pl 
. the nature of this phænömenort, as it is probable, that the Ne 
th ſubject has been fully diſcuſſed long before this time by your bi 
4 friends in London. I am, &c. a 
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Sept. 5, 1383. RIcHARD LOVELL EDGEWORTH- 
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XIII. 1 on Air. By Henry Cavendiſh, Eh. 
F. R. S & 6 4 Wo 


Read Jan. 1 F, 2 an, N 9 0 


. 


IHE following g experiments were made principally with a: 
view to fnd out the cauſe of the diminution which 
common. air is well known to ſuffer by all the various ways In 
which it 18 Phlogiſticated, and to diſcover what becomes of the 
air thus loſt or condenſed; and as. they ſeem not only to de- 
termine this point, but alſo to throw great light on the con- 
ſtitution and manner of production of dephlogifticated air, E 
hope they. may be not Bt gr the acceptance of this ſo- 
ciety. 

Many gentlemen have (O'S that fixed” air is either gene- 
rated or ſeparated from atmoſpheric 3 air by Phlogiſtication, and 
that the obſeryed diminution is- owing to this. cauſe ;. my firſt 
experiments therefore were made in order to aſefrtain whether 
my fixed- air is really produced 1 thereby. Nad, it muft be ob- 
ſeryed, that as all animal and vegetable ſabſtances contain fed, 
air, and yield it by burning, diſtillation, or putre faction, no- 
thing can be concluded: from experiments in which the air is 
phlogiſticated by them. The only methods 1 know, Which are- 
not liable to objection, are by the, calcination. of. metals, the- 
burning of ſulphur or phoſphorus, the mixture of nitrous. air, 
and the exploſion of inflammable air. Perhaps i it may be ſup- 


poled, that I ovght: to add to theſe the electric ſpark; but 1 
think. 


think it much moſt likely, that the phlogiſtication of the air, and 


of ſome inflammable matter in the apparatuss When the 


— 
_ 


air in which lead had been calcined; and even this ſmall dimi- 
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production of fixed air, in this proceſs, is owing to the burning 


ſpark is taken from a ſolution of tournſol, the burning · of the 
tournſol may produce this effect; when it is taken from lime- 
water, the burning of ſome foulneſs adhering to the tube, or 
perhaps of ſome inflammable matter contained in the lime, 
may have the ſame effect; and when quickſilver or metallic 
knobs, are uſed, the calcination of them may contribute to the 


2 ee of the air, „ not to the production of fixed 


arr. 


| hs ft method of ee. Dr. PrIESTLEY never found 


4 


lime; water to become turbid by the calcination of metals over 
it“: Mr. Lavolsizn alſo found only a very flight and ſcarce 


perceptible t turbid appearance, without any precipitation, to take 
place when lime-water was thaken in a glaſs veſſel full of the 


nution of tranſparency, | in the lime-water might very likely 
ariſe, not from fi fixed air, bur only from its being fouled by par- 
ticles of the calcined metal, which we are told adhered in ſome 
places to the glaſs. | This; want of turbidity has been attributed 
to the fixed. air uniting to the metallic calx, in preference to the 
lime; but there i is NO reaſon, for ſuppoſing that the calx con- 
tained any fixed LEE for 1 do not know that any one has ex- 
tracted it from calces prepared i in this manner; and though 
moſt metallic calces Prepared over the fire, or by long expoſure 
to the atmoſphere, where they are in contact with fixed air, 


contain that ſubſtance, it by n no means follows that they muſt 
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do ſo when prepared by methods i in which they are not in con- 
tact with it. 

Dr. PRIESTLEY alſo obſerved, that quickſilver, fouled by the 
addition of lead or tin, depoſits a powder by agitation and expo- 
ſure to the air, which conſiſts in great meaſure of the calx of 
the imperfect metal. He fond too ſome powder of this kind 
to contain fixed air *; but it is by no means clear that this air 
was produced by the phlogiſtication of the air in which the 
quickſilver was ſhaken ; as the powder was not prepared on 
purpoſe, but was procured from quickſilver fouled by having 
been uſed in various experiments, and may therefore have con- 
tained other impurities beſides the metallic calces. 

I never heard of any fixed air being produced by the burning 
of ſulphur or phoſphorus 3 but it has been aſſerted, and com- 
monly believed, that lime water is rendered cloudy by a mix- 
ture of common and nitrous air; which, if true, would be a 
convincing proof that on mixing thoſe two ſubſtances ſome. 
fixed air is either generated or ſeparated ; I therefore examined 
this carefully. Now it muſt be obſerved, that as common air 
uſually contains a little fixed air, which is no effential part of 
it, but is eaſily ſeparated by lime · water; and as nitrous air may 
alſo contain fixed air, either if the metal from which it is pro- 
cured be ruſty, or if the water of the veſſel in which 1 it is 
caught contain calcareous earth, ſuſpended by fixed air, as moſt 
waters do, it is proper firſt to free both airs from it by previouſ- 
ly waſhing them with lime water TJ. Now 1 found, by repeat- 


ed 


* Exper. in Nat. Phil. vol. I. p. 144. 
+ Though fixed air is abſorbed in conſiderable quantity by water, as I ſhewed 
in Phil. Tranſ. vol, LVI; yet It is not eaſy to deprive common air of all the fixed 
Vor, LXXIV, R air 
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airs were previouſly waſhed with that ſubſtance, not the leaſt 
cloud was produced, either immediately on mixing them, or 
on ſuffering them to ſtand upwards of an hour, though | it ap- 
peared by the thick clouds which were produced in the lime 
water, by breathing through it after the experiment was finiſh- 
ed, that it was more than ſufficient to ſaturate the acid formed 
by the decompoſition of the nitrous air, and conſequently that 
if any fixed air had been produced, it muſt have become viſi- 
ble. Once indeed I found a ſmall cloud to be formed on the 
ſurface, after the mixture had ſtood a few minutes. In this ex- 
periment the lime water was not quite clean ; but whether the 
cloud was owing to this circumſtance, or to the air's having not 
been properly waſhed, I cannot pretend to ſay. 

Neither does any fixed air ſeem to be produced by the explo- 
fion of the inflammable air obtained from metals, with either 
common or dephlogiſticated air. This I tried by putting a little 


ed experiments, that if 1 lime water was clean, and the two 


lime- water into a glaſs globe fitted with a braſs cock, ſo as to 


make it air tight, and an apparatus for firing air by electricity. 
This globe was exhauſted by an air-pump, and the two airs, 
which had been previouſly waſhed with lime-water, let in, and 


ſuffered to remain ſome time, to ſhew whether they would 


affect the lime water, and then fired by electricity. The event 
was, that not the leaſt cloud was produced in the lime-water, 
when the inflammable air was mixed with . common air, and 


air contained in it by means of water. On ſhaking a mixture of ten parts of com- 
mon air, and one of fixed air, with more than an equal bulk of diſtilled water, 
not more than half of the fixed air was abſorbed,” and on transferring the air into 


freſh diſtilled water only half the remainder was abſorbed, as appeared by the di- 


minution which it ſtill ſuffered on adding lime water. 


only 
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only a very {ſight one, or rather diminution of tranſparency, 
when it was combined with dephlogiſticated air. This, how- 


ever, ſeemed not to be produced by fixed air; as it appeared in- 


ſtantly after the exploſion, and did not increaſe ou ſtanding, 
and was ſpread uniformly through the liquor ; whereas if it 

had been owing to fixed air, it would have taken up ſome ſhort 
time before it appeared, and would have begun firſt at the ſur- 
face, as was the caſe in the abovementioned experiment with 


| nitrous air. What it was really owing to I cannot pretend 


to ſay ; but if it did proceed from fixed air it would ſhew that 
only an exceſſively minute quantity was produced *. On the 
whole, though it is not improbable that fixed air may be gene- 
rated in ſome chymical proceſſes, yet it ſeems certain that it is 
not the general effect of phlogiſticating air, and that the dimi- 
nution of common air is by no means owing to the ne 
or ſeparation of fixed air from it. 

As there ſeemed great reaſon to think, from Dr. Prieſtley's 
experiments, that the nitrous and vitriolic acids were conver- 
tible into dephlogiſticated air, I tried whether the dephlogiſti- 
cated part of common air might not, by phlogiſtication, be 
changed into nitrous or vitriolic acid. For this purpoſe I im- 
ptegnated ſome milk of lime with the fumes of burning ſulphur, 
by putting a little of it into a large glaſs receiver, and burning 
ſulphur therein, taking care to keep the mouth of the receiver 
ſtopt till the fumes were all abſorbed ; after which the air of 


the receiver was changed, and more fulphur burnt in it as 


before, and the proceſs repeated till 122 grains of ſulphur were 
conſumed. The milk of lime was then filtered and evaporated, 
but it yielded no nitrous ſalt, nor any other ſubſtance except 
ſelenite; ſo that no ſenſible quantity of the air was changed 


* Dr. Pa IEST LEV alſo found no fixed air to be produced by the exploſion of in. 


flammable and common air. Vol. V. p. 124. 
R 2 into 
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into nitrous acid. It muſt be obſerved, that as the vierielle 
acid produced by the burning ſulphur is changed by its union 
with the lime into ſelenite, which is very little ſoluble in 
water, a very ſmall quantity of nitrous ſalt, or any other ſub- 
ſtance which is ſoluble i in water, would have been perceived. 

I alſo tried whether any nitrous acid. was produced by phlo- 


giſticating common air with liver of ſulphur ; ; for this purpoſe 


I made a ſolution of flowers of ſulphur by boiling it with lime, 


and put a little of it into a large receiver, and ſhook it fre- 
quently, changing now and then the air, till the yellow co- 
lour of the ſolution was quite gone; a ſign that all the ſulphur 
was, by the loſs of its phlogiſton, turned into vitriolic acid, and 
united to the lime, or precipitated ; the liquor was then filtered 


and evaporated, but it yielded not the leaſt nitrous falt. 


The experiment was repeated in nearly the ſame manner 
with dephlogiſticated air procured from red precipitate ; but 
not the leaſt nitrous acid was obtained. 

It is well known that common ſelenite i is very little ſoluble 
in water ; whereas that procured in the two laſt experiments 
was very ſoluble, and even cryſtallized readily, and was in- 
tenſely bitter; this however appeared to be owing merely to 
the acid with which it was formed being very much phlogiſ- 
ticated ; for on evaporating it to dryneſs, and expoſing it to the 
air for a few days, it became much leſs ſoluble, ſo that on 
adding water to it not much diſſolved; and by repeating this 
proceſs once or twice, it ſeemed to become not more ſoluble than 
ſelenite made in the common manner. 

This ſolubility of the ſelenite cauſed ſome trouble in trying 
the experiment; for while it continued much ſoluble it would 
have been impoſſible to have diſtinguiſhed a ſmall mixture of 


nitrous ſalt; but by the abovementioned proceſs I was able to 


diſtinguiſh 
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diſtinguiſh as ſmall a proportion as if the ſelenite had been ori- 
ginally no more ſoluble than uſual. 

The nature of the neutral ſalts made with the phlogiſticated 
vitriolic and nitrous acids has not been much examined by tlie 
chymiſts, though it ſeems well worth their attention; and it 
is likely that many beſides the foregoing may differ remarkably 
from thoſe made with the ſame acids in their common ſtate. 
Nitre formed with the phlogiſticated nitrous acid has been 
found to differ conſiderably from common nitre, as well as Sal 
 Polychreſt from vitriolated tartar. 

In order to try whether any vitriolic acid was . by 
the phlogiſtication of air, I impregnated fifty ounces of diſtilled 
water with the fumes produced on mixing fifty-two ounce 
meaſures of nitrous air with a quantity of common air ſufficient. 
to decompound it. This was done by filling a bottle with: 
ſome of this water, and inverting it into a-baſon of the ſame, 
and then, by a ſyphon, letting in as much nitrous air as filled: 
it half-full ; after which common air was added ſlowly by the 
ſame ſyphon, till all the nitrous air was decompounded. When: 
this was done, the diſtilled water was further impregnated in; 
the ſame manner till the whole of the abovementioned quan- 
tity of nitrous air was employed. This impregnated water, 
which was very ſenſibly acid to the taſte, was diſtilled in a glaſs. 
_ retort. The firſt runnings were very acid, and ſmelt pun- 
gent, being nitrous acid much phlogiſticated; what came next 
had no ſenſible taſte or ſmell ; but the laſt runnings were very- 
acid, and confiſted of nitrous acid not phlogiſticated. Scarce: 
any ſediment was left behind. Theſe different parcels of diſ- 
tilled liquor were then exactly ſaturated with ſalt of tartar, and 
evaporated ; they yielded 874 grains of nitre, which, as far as 
I could perceive, was unmixed with vitriolated. tartar or any. 
I other 
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other ſubſtance, and conſequently no ſenſible quantity of the 
common air with which the nitrous air was mixed was turned 
into vitriolic acid. | 

It appears, from this experiment, that nitrous air contains as 
much acid as 23 times its weight of ſaltpetre; for fifty-two 
ounce meaſures of nitrous air weigh 32 grains, and, as was 
before ſaid, yield as much acid as is contained in $74 grains of 
ſaltpetre; ſo that the acid in nitrous air is in a remarkably 
Concentrated ſtate, and I believe more than 1 I times as much ſo 
as the ſtrongeſt ſpirit of nitre ever prepared. 

Having now mentioned the unſucceſsful attempts I made to 
find out what becomes of the air loſt by phlogiſtication, I pro- 
ceed to ſome experiments, which ſerve really to explain the 
matter. | 

In Dr. PrxrEsTLEY's laſt volume of experiments is related 
an experiment of Mr. WARLTIRE's, in which it is ſaid that, on 
firing a mixture of common and inflammable air by electricity 

in a cloſe copper veſſel holding about three pints, a loſs of weight 
was always perceived, on an average about two grains. though 
the veſſel was ſtopped in ſuch a manner that no air could eſcape | 
by the exploſion. It is alſo related, that on repeating the ex- 
periment in glaſs veſſels, the inſide of the glaſs, though clean 
and dry before, immediately became dewy ; which confirmed 
an opinion he had long entertained, that common air depoſits - 
its moiſture by phlogiſtication. AS the latter experiment ſeem- 
ed likely to throw great light on the ſubje& I had in view, I 
thought it well worth examining more cloſely. The firſt ex- 
periment alſo, if there was no miſtake in it, would be very ex- 
traordinary and curious; but it did not ſucceed with me; for 
though the veſſel I uſed held more than Mr. WARLTIRE 's, 
namely, 24, ooo grains of water, and though the experiment 
| * 2 A 
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was repeated ſeveral times with different proportions of com- 
mon and inflammable air, I could never perceive a loſs of 
weight of more than one-fifth of a grain, and commonly 

| It muſt be obſerved, however, that though there 
were ſome of the experiments in which it ſeemed to diminiſh. 
a little in weight, there were none in which it increaſed *. 

In all the experiments, the inſide of the glaſs. globe 8 : 
dewy, as obſerved by Mr. WarLTIRE; but not the leaſt footy 
matter could. be perceived. Care was taken in all of them to 
find how much the air was diminiſhed by the exploſion, and 
to obſerve its teſt. The refult is as follows: the bulk of the 
inflammable air being expreſſed in. decimals of the common 


none at all. 


air, 
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Diminution. Air remain- 
ing after the 


Common air. fnflammable 
5 air. 
© 1,241 „686 
Pp 1,055 | „642 
,700 
423 | „612 
2331 476 
7206 [5294 


In theſe experiments the inflammable air was procured from 
Zinc, as it was in all my experiments, except where otherwiſe. - 
expreſſed : but I made two more experiments, to try whether 
there was any difference between the air from zinc and that 
from iron, the quantity of inflammable air being the ſame in 
both, namely, o, 331 of the common; but I could not find any 
difference to be depended on between the two kinds of air, 


* Dr. PaziEsTLEY, I am informed, has fince found the experiment not to 


recceed, , 
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method. 
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either in the diminution which they ſuffered by the exploſion, 
or the teſt of the burnt air. FOR: 
From the fourth experiment it appears, that 423 meaſures of 
inflammable air are nearly ſufficient to completely Phlogiſticate 
1000 of common air; and that the bulk of the air remaining 
after the exploſion i is then very little more than four- fifths of 
the common air employed; ſo that as common air cannot be 
reduced to a much leſs bulk than that by any method of phlo- 
giſtication, we may ſafely conclude, that when they are mixed 
in this proportion, and exploded, almoſt all the inflammable 
air, and about one-fifth part of the common air, loſe their 
elaſticity, and are condenſed into the dew which nes the 
glafs. | 
The better to examine the nature of this dew, 500000 grain 
meaſures of inflammable air were burnt with about 23 times 
that quantity of common air, and the burnt air made to paſs 
through a glaſs cylinder eight feet long and three-quarters of 
an inch in diameter, in order to depoſit the dew. The two 
airs were conveyed flowly into this cylinder by ſeparate cop- 
per pipes, paſſing through a braſs plate which ſtopped up the 
end of the cylinder ; and as neither inflammable nor common 
air can burn by themſelves, there was no' danger of the flame 
ſpreading into the magazines from which they were conveyed. 
Each of theſe magazines confiſted of a large tin veſſel, in- 
verted into another veſſel juſt big enough to receive it. The 
inner veſſel communicated with the copper pipe, and the air 
was forced out of it by pouring water into the outer veſſel; 
and in order that the quantity of common air expelled ſhould 
be 23 times that of the inflammable, the water was let into 
the outer veſſels by two holes in the bottom of the ſame tin 


pan, the hole which conveyed the water into that veſſel i in 
which 
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which the common air was confined being 24 times as big as 
the other. 

In trying the experiment, the magazines being firſt filled 
with their reſpective airs, the glaſs cylinder was taken off, and 
water let, by the two holes, into the outer veſſels, till the airs 
began to iſſue from the ends of the copper pipes; they were 
then ſet on fire by a candle, and the cylinder put on again in 
its place. By this means upwards of 135 grains of water were 
condenſed in the cylinder, which had no taſte nor ſmell, and 
which left no Tenfible ſediment when evaporated to dryneſs ; 
neither did it yield any pungent ſmell during the evaporation ; 
in ſhort, it ſeemed pure water. 

In my firſt experiment, the cylinder near that part aha | 
the air was fired was a little tinged with footy matter, but 
very ſlightly ſoz and that little ſeemed to proceed from the 
putty with which the apparatus was luted, and which was 
heated by the flame; for in another experiment, in which it 


ſcarce any footy tinge could be perceived, 
By the experiments with the globe it appeared, that when 
inflammable and common air are exploded ur a proper propor- 
tion, almoſt all the inflammable air, and near one-fifth of the 
common air, loſe their elafticity, and are condenſed into dew, 
And by this experiment it appears, that this dew is plan wa- 
ter, and conſequently that almoſt all the inflammable air, and 
about one · fifth of the common air, are turned into pure water. 

In order to examine the nature of the matter condenſed on 


firing a mixture of dephlogiſticated aud inflammable air, 1 took 

a glaſs globe, holding 8800 grain meaſures, furniſhed with a 

braſs cock and an apparatus for fring air by electricity. This 

globe was well exhauſted by an air · pump, and then filled with 
8 


a mixture 
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a mixture of inflammable and dephlogitticated air, by ſhutting 
the cock, faſtening a bent gloſs tube to its mouth, and letting 
up the end of it into a glaſs jar inverted into water, and con- 
taining a mixture of 19500 grain meaſures of dephlogiſticated 
air, aud 37000 of inflammavle;, fo that, upon opening the 
cock, ſome of this mixed air ruſhed through the bent tube, and 
filled the globe“. The cock was then ſhut; and the included 
air fixed by electricity, by which means almoſt all of it loſt its 
elaſticity. The cock was then again opened, ſo as to let in 
more of the {ame air, to ſupply the place of that deſtroyed by 


the exploſion, which was again fired, and the operation conti- 


: nued till almoſt the whole of the mixture was let into the 


globe and exploded. By this means, though the globe held 


not more than the ſixth part of the mixture. almoſt the whole 
of it was exploded therein, without any freſh exhauſtion of 
the globe. 

As I was deſirous to try the quantity wad teft of this burnt 
ie; without letting any water into the globe, which would 
have prevented my examining the nature of the condenſed 
matter, I took a larger globe, furniſhed alſo with a ſtop cock, 
exhauſted it by an air-pump, and ſcrewed it on upon the cock 
of- the former globe; upon which, by opening both cocks, the 
air ruſhed out of the ſmaller globe into the larger, till it be- 
came of equal denſity in both; then, by ſhutting the cock of 
the larger globe, unſcrewing it again from the former, and 
opening it under water, I was enabled to find the quantity of 
the burnt air in it; and conſequently, as the proportion 
which the contents of the two globes bore to each other was 


* I order to prevent any water from getting into this tube, while dipped 


under water to let it up into the glaſs jar, a bit of wax was was ſtuck upon the 
end of it, which was rubbed off when raiſed above the ſurface of the water. 
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known, could tell the quantity of burnt air in the ſmall gl6be 
before the communication was made between them. By this 
means the whole quantity of the burnt air was found to be 
29 50 grain meaſures; its ſtandard was 1,8 5. | 
The liquor condenſed in the globe, in weight about 30 
grains, was ſenſibly acid to the taſte, and by ſatoration with 
fixed alkali, and evaporation, yielded near two grains of nitre; 
ſo that it conſiſted of water united to a ſmall quantity of ni- 
trous acid. No ſooty matter was depoſited in the globe. The 
dephlogiſticated air uſed in this experiment was procured from 
red precipitate, that is, from a ſolution of quickſilver in ſpirit 
of nitre diſtilled till it acquires a red colour. 

As it was ſuſpected, that the acid contained in the condenſed 
liquor was no eſſential part of the dephlogiſticated air, but was 
owing to ſome acid vapour which came over in making it and had 
not been abſorbed by the water, the experiment was repeated in 
the ſame manner, with ſome more of the ſame air, which had 
been previouſly waſhed with water, by keeping it a day or two 
in a bottle with ſome water, and ſhaking it frequently; whereas 
that uſed in the preceding experiment had never paſſed through 
water, except in preparing it. The condenſed liquor was ſtill 
2 ff | 

The experiment was alſo repeated with dephlogiſticated air, 
procured from red lead by means of oil of vitriol ; the liquor 
condenſed was acid, but by an accident I was prevented from 
determining the nature of the acid. 
I alſo procured ſome dephlogiſticated air from the leaves of 
plants, in the manner of Doctors InGENHousz and PRIESTLEY, 
and exploded it with inflammable air as before; the condenſed , 
liquor ſtill continued acid, and of the nitrous kind. 
8 2 In 
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In all theſe experiments the proportion of inflammable air 
was ſuch, that the burnt air was not much phlogiſticated ; and 
it was obſerved, that the leſs phlogiſticated it was, the more 
acid was the condenſed liquor. I therefore made another expe- 
riment, with ſome more of the ſame air from plants, in which 
the proportion of inflammable air was greater, ſo that the 
burnt air was almoſt completely phlogiſticated, its ſtandard 
being z. The condenſed liquor was then not at all acid, but 
ſeemed pure water: fo that it appears, that with this kind of 
dephlogiſticated air, the condenſed liquor is not at all acid, 
When the two airs are mixed in fuch a proportion that the 
burnt air is almoſt completely phlogiſticated, but is conſiderably 
ſo when it is not much phlogiſticated. 

In order to ſee whether the ſame thing would obtain with 
air procured from red precipitate, I made two more experi- 
ments with that kind of air, the air in both being taken from 
the ſame bottle, and the experiment tried in the ſame manner, 
except that the proportions of inflammable air were different. 
In the firſt, in which the burnt air was almoſt completely 
phlogiſticated, the condenſed liquor was not at all acid. In 
the ſecond; in which its ſtandard was 1,86, that is, not much 
phlogifticated, it was conſiderably acid; ſo that with this air, 
as well as with that from plants, the condenſed liquor contains, 
or ts entirely free from, acid, according as the burnt air is leſs 

or more phlogiſticated ;- and there can be little doubt but that 
the ſame rule obtains with any other kind of dephlogiſticated 

Ar. | | 9 

In order to fee whether the acid, formed by the exploſion of 
dephlogiſticated air obtained by means of the vitriolic acid, 
would alſo be of the nitrous kind, I procured fore air from 
torbith mineral, and exploded it with inflammable air, the 
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proportion being ſuch that the burnt air was not much phlo- 
giſticated. The condenſed liquor manifeſted an acidity, which 
appeared, by ſaturation with a ſolution of ſalt of tartar, to be 
of the nitrous kind; and it was found, by the addition of ſome 
terra ponderoſa ſalita, to contain little or no vitriolic acid. 
When inftammable air was exploded with common air, in 
ſuch a proportion that the ſtandard of the burnt air was about 
+, the condenſed liquor was not in the leaſt acid. There is 
no difference, however, in this reſpe&t between common air, 
and dephlogiſticated air mixed with phlogiſticated in ſuch a 
proportion as to reduce it to the ſtandard of common air ; for 
ſome dephlogiſticated air from red precipitate, being reduced 
to this ſtandard by the addition of perfectly phlogiſticated air, 
and then exploded with the fame proportion of inflammable 
air as the common air was in the foregoing experiment, the 
condenſed liquor was not in the leaſt acid. 
From the foregoing experiments it appears, that when a 
mixture of inflammable and dephlogiſticated air is exploded in 
ſuch proportion that the burnt air is not much phlogiſticated, 
the condenſed liquor contains a little acid, which is always of 
the nitrous kind, whatever ſubſtance the dephlogiſticated air is 
procured from; but if the proportion be ſuch that the burnt” 
air is almoſt entirely phlogiſticated, the condenſed liquor is 
not at all acid, but feems pure water, without any addition 


Whatever; and as, when they are mixed in that proportion, 


very little air remains after the exploſion, almoft the whole 
being condenſed, it follows, that almoſt the whole of the in- 
flammable and dephlogiſticated air is converted into pure wa- 
ter. It is not eaſy, indeed, to determine from theſe experi- 
ments what proportion the burnt air, remaining after the explo- 
trons, bore to the dephlogiſticated air employed, as neither the 

I {mall 
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+ ſmall nor the large globe could be perfectly exhauſted of air, 


and there was no ſaying with exactneſs what quantity was left 
in them; but in moſt of them, after allowing for this uncer- 


tainty, the true quantity of burnt air ſeemed not more than 


Tyth of the dephlogiſticated air employed, or .*.th of the mix- 


ture. It ſeems, however, unneceſſary to determme this point 


if thoſe airs could be obtained n pure, the whole would 
be condenſed. 


mixed in ſuch a proportion as that the burnt air is not much 
phlogiſticated, the exploſion is too weak, and not accompanied 
with ſufficient heat. | 


All the foregoing experiments, on the exploſion of inflam- 
mable air with common and dephlogiſticated airs, except thoſe 
which relate to the cauſe of the acid found in the water, were 
made in the ſummer of the year 1781, and were mentioned 
by me to Dr. PritsTLEY, who in conſequence. of it made 


ſome experiments of the ſame kind, as he relates in a paper 
printed in the preceding volume of the Tranſactions. During 
the laſt ſummer alſo, a friend of mine gave ſome account of 
them to M. Lavoiser, as well as of the concluſion drawn 


from them, that dephlogiſticated air is only water deprived of 
phlogiſton ; but at that time ſo far was M. Lavoists from 
thinking any ſuch opinion warranted, that, till he was pre- 


5 | vailed 


exactly, as the quantity is ſo ſmall, that there can be little doubt 
but that it proceeds only from the impurities mixed with the 
dephlogiſticated and inflammable air, and conſequently that, 


With reſpect to common air, and dephlogiſticated air re- 
duced by the addition of phlogiſticated air to the ſtandard 
of common air, the caſe is different; as the liquor condenſed 
in exploding them with inflammable air, I believe J may ſay in 
any proportion, is not at all acid; perhaps, becauſe if they are 
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walled upon to repeat tlie experiment himſelf, he found ſome 


difficulty in believiug that nearly the whole of the two airs 


ebuld be converted into water. It is remarkable, that neither 


of theſe gentlemen found any acid in the water produced by 
the combuſtion ; which might proceed from the latter having 
burnt the two airs in a different manner from what I did; and 
from the former having uſed a different kind of inflammable air, 
namely, that from charcoal, and perhaps having * a greater 
proportion of it. 
Before I enter into the cauſe of theſe phenomena, it will be 
proper to take notice, that phlogiſticated air appears to be no- 
thing elſe than the nitrous acid united to phlogiſton ; for when 
nitre is deflagrated with charcoal, the acid is almoſt entirely 


converted into this kind of air. That the acid is entirely con- 


verted into air, appears from the common proceſs for making 
what is called clyſſus of nitre; for if the nitre and charcoal 


are dry, ſcarce any thing is found in the veſſels prepared for 
condenſing the fumes; but if they are moiſt;a little liquor is 


collected, which is nothing: but the water contained in the ma- 
terials, impregnated with a little volatile alkali, proceeding in 
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all probability from the imperfectly burnt charegal, and a little 
fixed alkali, confiſting of ſome of the alkalized nitre carried 
over by the heat and watery vapours. As far as I can perceive 


too, at preſent, the air into which much the greateſt part of 


the acid is converted, differs in no reſpe& from common air 
phlogiſticated. | A ſmall part of the acid, however, is turned i into 
nitrous air, and the whole is mixed with a good deal of fixed, 
and perhaps a little m air, both proceeding from the 
chareoal. LIES | 4 

It is well bn that the 1 nitrous acid is 4100 converted as 
plldgiſtication 3 into nitrous air, in which reſpect there ſeems a 
conſiderable 
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. Conifiderable analogy between that and the vitriolic acid; for 
the vitriolie acid, when united to a ſmaller proportion of phlo- 
giſton, forms the volatile ſulphureous acid and vitriolic acid air, 
both of which, by expoſure to the atmoſphere, loſe their phlo- 
giſton, though not very faſt, and are turned back into vitriolic 
acid ; but, when united to a greater proportion of phlogiſton, it 
forms ſulphur, which ſhews no ſigns of acidity, unleſs a ſmall 
degree of affinity to alkalies can be called ſo, and in which the 
phlogiſton is more ſtrongly adherent, fo that it does not fly off 
when expoſed to the air, unleſs aſſiſted by a heat ſufficient to 
ſet it on fire. In like manner the nitrous acid, united to a cer- 
tain quantity of phlogiſton, forms nitrous fumes and nitrous 
air, which readily quit their phlogiſton to common air; but 
when united to a different, in all probability a larger quantity, 
it forms phlogiſticated air, which ſhews no ſigns of acidity, 
and is ſtill lefs diſpoſed to part with its phlogiſton than ſulphur, 
This being premiſed, there ſeem two ways by which the 
phænomena of the acid found in the condenſed liquor may be 
explained; firſt, by ſuppoſing that dephlogiſticated air con- 
tains a little nitrous acid which enters into it as one of its 
component parts, and that this acid, when the inflammable 
air is in a ſufficient proportion, unites to the phlogiſton, and 
is turned into phlogiſticated air, but does not when the iriflam» 
mable air is in too ſmall a proportion; and, ſecondly, by ſup» 
poſing that there- is no nitrous acid mixed with, or entering 
into the compoſition of, dephlogiſticated air, but that, when 
this air is in a ſufficient proportion, part of the phlogiſticated 
air with which it is debaſed is, by the ſtrong affinity of phlo- 
giſton to dephlogiſticated air, deprived of its phlogiſton and 
turned into nitrous acid; whereas, when the dephlogiſticated 


wk is not more ham ſufflcient to oonſume the inflammable air, 
none 
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done chen reflitis Yo deprive the che PBtogifttcatedl a of its ph. 
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* 17 the lat tier Expliiationi d be re, think, we müſt Allow 
that'd dephlogiſticated'! Air is in teality hottin but dep ht 
cared water, or water- deprivet” of its phlogitton'; or, in det 
wo jrds;” that water conſiſts of dephlogifticated | air unte P 
;hlobiffon ;' and that inflammable air is either dure zhlogifton' 
5 2 PriesrLEy. and Mr. Kinwax Lobpole "or A we 
united to phlogiſton ; fince, according. to this erbeten. 
kheſe two ſubſtances Wallis together form pure Water. Git dh 
- vther hand, if the firſt explanation be true, we muſt ee 
that dephlogifticated air conſiſts of water united to a little 
nitrous 'acid and deprived of its phlogiſton; but Mill the ni 
trous acid i in it muſt make only a bend mall part of the whole 
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* Either - of theſe ſuppoſitions will agree equally well with the ellonieg expe+ 
riments ↄ hüt the lattir Jeems! to me much the | moſt likely. What, principally 
makes me think ſo, ĩs that common or dephlogiſticated air do not abſorb Phlo- 
giſton from inflammable air, unleſs alfilted by a red heat, -whereas they abſorb 

the phlogiſton of nitrous air, liver of ſulphur, and many other ſubſtances; with- | 
out that affitance ; - anVit ſcems inexplicabfe, chat they ſhould refuſe to uiiite to 
pure phlogiſton, when they are able to cract it from ſubſtances to which it has an 
affinity ; that is, that they ſhould overcome the affinity of phlogiſton to other 
fubſtances, and extract it from them, when they will nat even unite to it when 
preſented to them. On the other hand, I know no experiment. which _ſhews 
1nflammable air to be pure phlogiſton . than an union of it with water, 
unleſs it be Dr. PrresTLEY'S experiment of expelling inflammahld air from iron 
by heat alvhe. I'am not ſufficiently acquainted with the oircuraſtatices of that 
experiment to argue with certainty about it; but I thiqk it much more likely, 
that the inflammable air,) was formed by the union of the Phlogiſton of the irun 
lings with the water diſperſed among them, or. contained | in the retort. or other 
veſſel i in Which It was heated ; and in ail* probability is Was ihe cauſe of the 
ſeparation of the phlogiſton, as iron ſeems not diſpoſed to part with i its phlo- 
Lion by: heat alone, without being aſſiſted by the air. or ſome dther ſubſtance. 3 
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8 a found, that the p cated air, whigh, ir js converted 


| Into, is very ſmall in compariſon of the dephlogiſtieated air. 
„ i the, ee of Uhle explanations ſeems; pen the 
e Mer: 34 15. wan found, phat the pad in the « 

er 4s, of the. nitrous: Bind, not any when the depblo; 
Stegen air was prepared from. red precipitate, but alſo when 
34, Wag, Procures from plants of from turhith mineral: and it 
frm: not. likely, rhat air pracyred from plants, and fill lefs 
hkely that air progurcd from. a ſolution of 83 in * of 
Bora ſhould contain any nitrous acid, 

Anether ſtrong argument in favour of this,opinion. i is, that 
dephlog iſticated air yields no nitrous 4 acid, when phlogiſticated 
_ by liver of ſulphur; for if this air contains nitrous acid, and 
yields it when phlogiſticated by exploſion with ivflammable all, 
it is very extraordinary that it ſhould not do ſo when Fog 
cated by other means. 

But what forms a Ange © and, I think, 0 Jecifve 
argument in favour of this explanation is, that when the de- 
phlogiſticated air is very pure, the condenſed liquor is made 
much more ſtrongly acid by mixing the air to be exploded with 
2, little Phlogiſticated air, as — by following py 
ritnents. 
A mixture of 18 500 grain n of inflammeble ar with 
' 9750 of dephlogiſticated a air procured from red precipitate were 
exploded in the uſual manner; after which, a mixture of the 
ſame quantities of the ſame dephlogiſticated and inflammable 
air, with the addition of 2500 of air phlogiſticated by iron 
filings and fulphur, was treated in the fame manner. The 
- condenſed liquor, in both experiments, was acid, but that in 
the latter evidently. more fo, as appeared alſo by ſaturating 
each of them ſeparately wath marble powder, 2 and nn 
4 the 
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that this latter circumſtance ought rather to have made the 


the earth by Gxed kali; che precipitate of the. ſecond experi- 
ment weighing one-fifth of a grain, and that of the firſt 


being ſeveral times leſs.) ; The flandard of the bütnt air rcd | 


firſt experiment was 1586, and in the ſecond only 0%. 
lt muſt be obſerved, that all citeumſtanees * the 
Se two experiments, except that it: thè latter the 
air to be exploded was mixed with ſome phlogiſticated- air, ain 
that in conſequence the burnt air was mote phlogiſticated thah 
in the former; and from what has been before ſaid; it appears, 


condenſed liquot lefs acid; and yet it was found to'be much 
more ſo, which ſhews ſtrongly that it was the es 
air which furniſhed the acid. 

As a further confirmation of this point, theſe two eolinptray 
tive experiments were repeated with a little variation, namely, 
in the firſt experiment there was firſt let into the globe 1500 
of dephlogiſticated air, and then the mixture, conſiſting of 
12200 of dephlogiſticated air and 2 5900 of inflammable, was let 
in at different times as uſual. In the ſecond experiment, beſides 
the 1 500 of dephlogiſticated air firſt let in, there was alſo ads 
mitted 2500 of ph logiſticated air, after which the mixture, 
conſiſting of the fame quantities of dephlogiſticated and iuflam- 
mable air as before, was let in as uſual. The condenfed liquor 
of the ſecond experiment was about three times as acid as tha 
of the firſt, as it required 119 grains of a diluted ſolution of falt 
of tartar to ſaturate it, and the other only 3 7. The ſtandard of 
the burnt air was o. oy" in the 1 nn. and 1,96 in 
the firſt. 

The intention of n letting in Sorter tephlogiſticated 
ar in the two laſt experiments was, that the condenſed n 
; eu OY I wa 
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wis expected to become re thereby; —— 


to be the n bi lig 6 I» n tte *mdipiour anden 
cl In the firſt of theſe tes exſderitients) In. order that the air 
to be exploded ſhould be as3 free as poſſible from common ain, 
the globe was firſt filled with a mixture of dephlogiſticated and 


ploded let in 3 by-which means, though the globe was not per- 
Sey exhauſted. very little common air could be left in it. 
In the firſt ſet of experiments: this circumſtance was not 
attended to, and the purity of the W = air Was 
forgot to be examined in both ſette. : 
From what has been ſaid there: ſeems the dd * to 
think, that dephlogiſticated air is only. water deprived of its 
phlogiſton, and that.- inflammable air, as was before ſaid; is 
either phlogiſticated water, or elſe pure * but 1 in al 
probability the former. 
As Mr. WArr, in a paper lately ouch before this. a 
ſuppoſes water to conſiſt of dephlogiſticated air and phlogiſton 
deprived of part of their latent heat, whereas I take no notice 
of the latter circumſtance, it may be proper to mention in a 
few words the reaſon of this apparent difference betwen us. If 
there be any ſuch thing as elementary heat, it muſt be allowed 
that what Mr. WAr r ſays is true; but by the ſame rule we 
ought to ſay, that the diluted mineral acids conſiſt of the con- 


centrated acids united to water and deprived of part of their 


latent heat; that ſolutions of ſal ammoniac, and moſt other 
other neutral ſalts, conſiſt of the ſalt united to water and ele- 
mentary heat; and a ſimilar language ought to be uſed in 
ſpeaking of almoſt all chemical combinations, as there are very 
few which are not attended with ſome increaſe or diminution 


of heat. Now I have choſen to avoid this form of ſpeaking, 
both 


inflammäble air, it was then exhauſted, and the air to be ex- , 
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* bacabſel:think it, mors-likely| that · there is mo ſueh thing 
a8 elementary heat, and becauſe ſaying ſo. in this 1. 1 

without ufing ſimilar expreſſions in ſpeaking of other chemical 
unions, would be improper, and would lead to falſe ideas; and 
it may even admit of doubt, whether the doing it in general 
would not cauſe more trouble and perplexity than it is worth. 
There is the utmoit reaſon to think, that dephlogiſticated and 
phlogiſticated- air, as M. Lavoisikx and Schl fu ppoſe, are 
quite diſtinct ſubſtances, and mot differing only in their. degree of 
phlogiſtication ; and that common air is a mixture of the two; 


of it loſes its elaſticity by Ph! ogiſtication, and, as appears by 
the foregoing experiments, is turned into water, inſtead of 


being converted into phlogiſticated air. In moſt of the fore- 
going experiments, at leaſt .5ths of the whole was turned into 
water; and by treating ſome dephlogiſticated air with liver of 
ſul phur, I have reduced it to leſs than th of its original bulk, 
and other perſons, I believe, have reduced it to a ſtill leſs bulk; 
ſo that there ſeems the utmoſt reaſon to ſuppoſe, that the ſmall 
reſiduum which remains after its phlogiſtication proceeds only 
from the impurities mixed with it. 

It was juſt ſaid, that ſome dephlogiſticated air was reduced by 
liver of ſulphur to 7th of its original bulk ; the ſtandard of 
this air was 4,8, uy conſequently the ſtandard of perfectly 
pure dephlogiſticated air ſhould be very nearly 5, which is a 
confirmation of the foregoing opinion; for if the ſtandard of 
pure dephlogiſticated air is 5, common air muſt, according to 
this opinion, contain one-fifth of it, and therefore ought to loſe 
one-fifth of its bulk by phlogiſtication, which is what it is 
n, found to loſe. 


From 


for if the dephlogiſticated air is pretty pure, almoſt the whole 


442 a, — n 
Feom what has been fald, it 'follaws, that inſtead of ſaying 

air ĩs plilogiſticated or dephlogiſticated by any means, it would 
be mote ſtrictly juſt: to ſay, it is deprived of, or receives, an 
addition of dephlogiſticated air 3 but as the other expreſfion is 
comvettient, and can ſcarcely be conſidered us improper, I ſhall 
ſtill frequently make uſe of it in the remainder of this paper. 
| There ſcemed great reaſon to think, from Dr. PuizsrLEx's 
experiments, that both the nitrous aud vitriolic acids were com- 
vertible into dephlogiſticated air, as that air is procured in the 
greateſt quantity from ſubſtances containing thoſe acids, eſpe- 
cially the former. The foregoing experiments, however, ſeem 
to ſhew that no part of the acid is converted into dephlogiſti- 
cated air, and that their uſe in preparing it is owing only to 
the great power which they poſſeſs of depriving bodies of 
their phlogiſton. A ſtrong confirmation of this is, that red pre- 
cipitate, which is one of the ſubſtances yielding dephlogiſti- 
cated air in the greateſt quantity, and which Is prepared by 
means of the nitrous acid, contains in feality no acid. This 1 
found by grinding 400 grains of it with fpirits of ſal ammo- 
niac, and keeping them together for ſome days in a bottle, 
taking care to ſhake them frequently; The ted colour of the 
precipitate: was tendered pale, but not entirely deſtroyed ; being 
then waſted with water and filtered, the clear liquor yielded 

on evaporation not the leaſt ammoniacal falt: 
I.!᷑, is natural to think, that if any nitrous acid had been con- 
tained in the red precipitate, it would have united to the volas 
tile alkali and have formed ammoniacal nitre, and would have 
been perceived on evapbration; but in order to determine more 
certainly whether this would be the caſe, I dried ſome of the 
ſame ſolution of quickſilver from which the red precipitate was 


prepared with a leſs heat, ſo that it acquired only an orange 
| colour 3 
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colour, and treated the ſame. quantity of it with volatile, alkali 
in the fame manner as befor r., It immediately cauſed an effer- 
ke X changed the colour to grey, and yielded 52 grains 
of ammouiacal nitre. There i is the utmaſt reaſon to think, 
therefore, that red precipitate contains. no nitrous acid; and 
conſequently that, in procurin g dephlogiſticated air from it, no 
acid is converted into air; and it is reaſonable to conclude, 
therefore, that no ſuch change i 18 n in n i from 
any other {| ubſtance. 

It remains to conſider 1 What manger _ theſe of a; in 
producing dephlogiſticated air. The way in which the nitrous 
acid acts, in the production of it from red precipitate, ſeems to 
be as follows. On diſtilling. the mixture of quickſilver and 
ſpirit of nĩtre, the acid comes over, loaded with phlogiſton, in 


W the form of nitrous vapour, aud continues to do ſo till the re- 
d maining matter acquires its full red colour, by which time all 


the. nitrous acid is driven over, but ſome of the watery part ill 
remains behind, and adheres ſtrongly to the quickſilver 3 fo that 
the red precipitate may be conſidered, either as quickſilver de- 
prived. of part of its phlogiſton, and united to a certain portion 
of water, or as quickſilver united to dephlogiſticated air &; after 


which, on further increaſing the heat, the water in it riſes 
deprived of its phlogiſton, that is, in the form of dephlogiſtieated 


* Unleſs we were much better acquainted than we are with the manter ins 
which different ſubſtances are united together in componad bodies, it would be 
ndiculous to ſay, that it is the quiekfilver in the red precipitate which is deprived. 
of its phlogiſton, and not the water, or that it is the water and not the quiekfilver; 
all that we can ſay is, that red precipitate conſiſts of quickſilver and water, one 
or both of which are deprived of part of their phlogiſton. In like manner, duriag 
the preparation of the red precipitateh it is certain that the acid abſorbs phlo- 
giſton, either from the quickfilyer ar the water; bug we: are by no means authoriſed 
w fay from which, 


air, 
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Air, and "Ye" the fame time ne g c Hlver diſtilꝰ over in its me- 
fallic fornr. It is juſtly — by Dr. PrIZSTLEV, that the 
ſolution of quickfilver does not begin to Tied dephtogitticats 
air till it acquites Wed Sur e 
Mercufius calcinatus appea! s do be only quickflver which 
Has abf6tbed' dephlogitticared air from the atinoſphere' during 
* its preparatioh accordibgly, by glving it a ſufficient heat, the 
dephlogiticated' ar is driven off, and the quickfilyer acquires 
Its original form. It ſeems therefore that mercurius calcinatus 
and red preclpitate, though prepare in a difererit manner, ate 
very neatly the ſam thing. an be Te: 
From what has been ſaid it follows, that red prebipitate and 
mercurius calcinatiis i contain as much phlogiſton as the quick. 
filver they are  prepated from; but yet, as uniting dephlogitti- 
cated air to a metal comes to the ſame thing as depriving it of 
part of its Phlogiftod and adding Water to it, the quickſilver 
may ſtill be confidered as deprived of its phlogiſton; but the 
imperfect metals ſeerti not only to abſorb dephlogiſticated air 
during their calcination, but alſo to be really deprived' of part 
of their  phlogiſton; 48? they do not acquire their metallic n 


7 


by" drivin g off the dephtogitticared | alt.” | 

In procuring dephlogiſticated air. from nitre, the acid acts in 
a different manner, as, upon heating the nitre red-hot, the de- 
phlogiſticated air riſes mixed with a little nitrous acid, and at the 
ſame time the acid remaining in the nitre becomes very much 
phlogiſticated ; which ſhews that the acid abſotbs phlogiſton 
from the water in the nitre, and becomes phlogiſticated, while 
the water is thereby turned into dephlogiſticated air. On diſ- 
tilling 3155 grains, of. nitre in an unglazed earthen retort, it 
yielded 256000 grain meaſures of dephlogiſticated air *, the | 
» =" wal ſtandar# 


4 2 This i is, about eighty-one grain meafures from one grain of nitre z and the 


weight 
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ſtandard of different parts of which varied om 3 to 3.6 5, but 
at a medium was 3,35. The matter remainitlyy in the retort- 
diſſolved readily 1 in water, and taſted alcatine and cauſtic. On 
adding dilated ſpirit of nitre to the ſolution, ſtrong! red fumes: 
were produced; a ſign that the acid in it was very much phlo- 
giſticated, as no fumes whatever would have been produced on 
adding the ſame acid to a ſolution of common nitre; that part 
of the ſolution alſo which was ſupe$ſaturated with acid became 
blue; a colour which the diluted nitrous acid is known to af-/ 
ſume when much phlogiſticated. The ſolution, when ſatu- 
rated with this acid, loſt its alcaline and cauſtic taſte, but yet 
taſted very different from true nitre, ſeeming as if it had been 
mixed with ſea-falt, and alſo required much leſs water to diſ- 
ſolve it; but on expoſing 1 it for ſome days to the air, and add- 
ing freſh acid as faſt! as by the flying off of the fumes the al- 
cali predominated; it became true nitre, unmixed, as far as 1 
could perceive, with any other ſalt *. 2155 9 Nb! 
It has been remarked, that the dephlogiſticated air Free 
from nitre is leſs pure, than that from red precipitate and many 
other ſubſtances, which may perhaps proceed from unglazed 
earthen retorts having been commonly uſed for this purpoſe, ä 
and which, conformably to Dr. PRIEST LR's diſcovery, may poſ- 
ſibly abſorb ſome common air from without, and emit it along 
with the dephlogiſticated air ;- but if it ſhould be found that the 
dephlogiſticated air procured from nitre in glaſs or glazed 
earthen veſſels is alſo impure, ir would ſeen to Thew that ne” 
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weight of the dephlogiſticated air, ſuppoſing. it * ung lighter than water, is one 
teyth of that of the nitre. In all probability, i it would have yielded a much greater | | 
quantity of air, if a greater heat had been a plied. fob . 1 

* This phlogiſtication of the acid in nitre- by heat bisl been obſervet by Mr. 


SQHEELE ; ſee his experiments on air and fire, p. 45. Engliſh tranſlation, 
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of the acid in the nitre is turned into "Worn air, by ab- 
Torbing phlogiſton from the watery part. 
From what has been ſaid it appears, that there is a a 
able difference in the manner in which the acid acts in the pro- 
duction of dephlogiſticated air from red precipitate and from 
nitre ; in the former caſe the acid. comes over firſt, leaving the 
remaining ſubſtance deprived of part of its phlogiſton; in the 
latter the dephlogiſticated air comes firſt, leaving the acid loaded 
with the phlogiſton of the water from which it was formed. 
On diſtilling a mixture of quickſilver and oil of vitriol to 
dryneſs; part of the acid comes over, loaded with FOI 
inthe form of volatile ſulphureous acid and vitriolic acid air; fo 
tbat the remaining white maſs may be conſidered as conſiſting 
of quickſilver deprived of its phlogiſton, and united to a certain 
proportion of acid and water, or of plain quickſilver united to 
a certain proportion of acid and dephlogiſticated air. Accord - 
ingly on urging this white maſs with a more violent heat, the 
dephlogiſticated air comes over, and at the ſame time part of 
the quickſilver riſes, in its metallic form, and alſd part of tha. 
In 1 maſs, united in all probability.to a greater proportion of 
acid. than before, ſublimes; ſo that the rationale of the pro- 
auction of gephlogiſticated air from turbith — and from | 
red precipitate, are nearly ſimilar. . 1 | 
True tuxbith mineral conſiſts of the ahovriineatiored whats: 
maſs, well waſhed with water, by which means it acquires a 
yellow colour, „and contains. much leſs acid than the unwaſhed- 
mals, Accordingly it ſeems likely, that on expoſing this to 
heat, leſs of it ſhould ſublime without bein, 8 decompounded, and 


conſequently that more dephlogiſticated air ſhould be procured 
from it * bum che nayraſhel mas. 
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This is an inſtance, that the ſuperabundant vitriolic acid may, 
in ſome caſes, be better extracted from the baſe it is united to 
by water than by heat. Vitriolated tartar is another inſtance; 
for, if vittiolated-tartar be mixed with oil of vitriol and expoſed 
even to a pretty ſtrong red heat, the maſs will be very acid; 
but, if this maſs is diſſolved in water, and evaporated, the cry 
ſtals will be not ſenſibly ſo. a 
In all probability, the vitriolic acid acts in the fame manner in 
the production of dephlogiſticated air from alum, as the nitrous 
does in its production from nitre ; that is, the watery part comes 
over firſt in the' form of dephlogiſticated air, leaving the acid 
charged with its phlogiſton. Whether this is alſo the caſe 
with regard to green and blue vitriol, or whether in them the 
acid does not rather act in the ſame manner as in turbith mine- 
ral, I cannot pretend to fay, but I think the latter more 
A 
There is another way 5 which dephlogiſtieated air FP bebs 
found to be produced in great quantities, namely, the growth 
of vegetables expoſed to the ſun or day- light; the rationale ef 
which, in all probability, is, that plants, when aſſiſted by the 
light, deprive part of the water ſucked up by their roots of its 
phlogiſton, and turn it into dephlogiſticated air, while the 
phlogiſton unites to, and forms part of, the ſubſtance of the 
plant. 8 | 
There are many circumſtances which ſhew, that light has a 


remarkable power in enabling one body to abſorb phlogiſton 
from another. Mr, SENEBIER has obſerved, that the green 
tincture procured from the leaves of vegetables by ſpirit of wine, 
quickly loſes its colour when expoſed to the ſun in a bottle not 
more than one third part full, but does not do ſo in the dark, 

or if the bottle is quite full of the tincture, or if the air in it 
2 1s 
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is phlogiſticated - hence it is natural to conclude, that the 
lighr enables the dephlogiſticated part of the air to abſorb 
phlogiſton from the tincture; and this appears to be really the 
caſe, as I find that the air in the bottle is confiderably phlogiſ- 
ticated thereby. Dephlogiſticated ſpirit of nitre alſo acquires a 
yellow colour, and becomes phlogiſticated, by .expoſure to the 
ſun's rays *; and I find on trial that, the air in the bottle in 
which it is contained becomes dephlogiſticated, or, in other 

words, receiyes an increaſe. of dephlogiſticated air, which ſhews 
that the change in the acid is not owing to the ſun's rays com- 
municating phlogiſton to it, but to their enabling it to abſorb 
phlogiſton from the water contained in it, and thereby to pro- 
duce dephlogiſticated air. Mr. SCHEELE alſo found, that the 
dark colour. acquired by luna cornea on expoſure to the light, 

is owing to part of the ſilver being revived ; and that gold, diſ- 
ſolved in aqua regia and deprived by diſtillation of the nitrous 
and ſuperfluous marine acid, is revived by the ſame means; 
and there is the utmoſt reaſon to think, that, in both caſes, the 
revival of the metal is 2 to its abſorbing phlogiſton from 
the water. | 

"Vegetables n to conſiſt almoſt intirely of fixed and phlo- 
giſticated air, united to a large proportion of phlogiſton and ſome 
water, ſince by burning in the open air, in which their phlogiſton 
unites to the dephlogiſticated part of the atmoſphere and forms 


- * Tf ſpirit of nitre is diſtilled with a very gentle heat, the part which comes 
over is high coloured and fuming, and that which remains behind is quite colour- 
leſs, and fuines much leſs than other-nitreus acid of the ſame ſtrength, and the 
fumes are colourleſs. This is called dephlogiſticated ſpirit of nitre, as it appears 
to be really deprived of phlogiſton by the proceſs, The manner of preparing it, 
as. well as its property of regaining its yellow colour by expoſure to the light, is 
mentioned by Mr, ScuEELs in the Stockholm Memoirs, 1774. 


z he water , 
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water, they ſcem to be reduced almoſt intirely to water and 


thoſe two kinds of air. Now plants growing in water without 
earth, can receive nouriſhment only from the water and air, 
and muſt therefore in all probability abſorb their phlogiſton 
from the water. It is known alſo that plants growing in the 
dark do not thrive well, and grow in a very different * 
from what they do when expoſed to the light. | 
From what has been ſaid, it ſeems likely that the uſe of light; 
in promoting the growth of- plants and the production of 


| dephlogiſticated air from them, is, that it enables them to 


abſorb phlogiſton from the water. To this it may perhaps be 
objected, that though plants do not; thrive well in the dark, yet 


they do grow, and ſhould therefore, according to this hypo- 


theſis, abſorb water from the atmoſphere, and yield dephlo- 
giſticated air, which they have not been found to do. But we 
have no proof that they grew at all in any of thoſe caſes in 
which they were found not to yield dephlogiſticated air; for 
though they will grow in the dark, yet their vegetative pow- 
ers may perhaps at firſt be intirely checked by it, eſpecially 
conſidering the unnatural ſituation in which they muſt be 
placed in ſuch experiments. Perhaps too plants growing in 
the dark may be able to abſorb phlogiſton from water not 
much impregnated with dephlogiſticated air, but not from 
water ſtrongly impregnated with it ; and conſequently, when 
kept under water in the dark, may perhaps at firſt yield ſome 
dephlogiſticated air, which, inſtead of riſing to the ſurface, 
may be abſorbed by the water, and, before the water is 16 
much impregnated as to fuffer any to eſcape, the plant may 
ceaſe to vegetate, unleſs the water is changed. Unleſs there” 
fore it could be ſhewn that plants growing in the dark, in 
water alone, will increaſe in ſize, without yielding dephlo- 
giſticated 


8 
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giſticated air, and without the water becoming more impregnated 
with it than before, no objection can be drawn from thence. 

Mr. SznEBER finds, that plants yield much more dephlogiſtia 
cated air in diftilled water impregnated with fixed air, than in 
plain diſtilled water, which is perfectly conformable to the 
abovementioned hypotheſis ; for as fixed air is a principal con- 
ſtituent part of vegetable ſubſtances, it is reaſonable to ſuppoſe 
that the work of vegetation will go on better in water con- 
Nr * er than in other water. 


. 


A 


There are feveral memoirs of Mr. Lavorren publiſhd by 
the Academy of Sciences, in which he intirely ' difeards phlo- 
piſton, and explains thoſe phænomena which have been uſually 
attributed to the loſs or attraction of that ſubſtance, by the ab- 
ſorption or expulſion of dephlogiſticated air; and as not only 
the foregoing experiments, but moſt other phænomena of na- 
ture, ſeem explicable as well, or nearly as well, upon this as 


ER TOTS _E-SLS MS. 


w 
upon the commonly believed principle of phlogiſton, it may e 
be proper briefly to mention in what manner I would explain p 
them on this principle, and why I have adhered to the other. p 
In doing this, I ſhall not conform ſtrictly to his theory, but 1 
ſhall make ſuch additions and alterations as ſeem to ſuit it beſt 5 
to the phænomena; the more ſo, as the foregoing experiments t 
may, perhaps, induce tne author himſelf to think . ſuch t 
additions proper. 3 9 

According to this hypotheſis, we muſt ſuppoſe, that water t 
conſiſts of inflammable air united to dephlogiſticated air; that c 
nitrous air, vitriolic acid air, and the phoſphoric acid, are alſo c 
combinations of phlogiſticated air, fulphur,- and phoſphorus, c 


with dephlogiſticated air; and that the two former, by a fur- 
ther addition of the ſame ſubſtance, are reduced to the common 
nitrous 
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nitrons and vitriolic acids ; that the metallic calees conſiſt of 
the metals themſelves unĩted to the ſame ſubſtance, commonly, 
however, with a. mixture of fixed air; that on expoſing the 
calces of the perfect metals to a ſufficient heat, all the dephlo- 
giſticated air is driven off, and the calces are reſtored to their 
metallic form; but as the calces of the imperfect metals are 
vitrified by heat, inſtead of recovering the metallic form, it 
ſhould ſeem as if all the dephlogiſticated air could not be driven 
off from them by heat alone. In like manner, according to 
this hypotheſis, the rationale of the production of dephlagiſti- 
cated air from red precipitate is, that during the ſolution of 
the quickſilver in the acid and the ſubſequent calemation, the 
acid is decompounded, and quits part of its dephlogiſticated air 
to the quickſilver, whereby it comes over in the form of nitrous 
ait, and leaves the quickſilver behind united to dephlogiſtica- 

ted air, which, by a further increaſe of heat, is driven off, 
while the quickſilver re- aſſumes its metallic form. In pro- 
curing dephlogiſticated air from nitre, the acid is alſo decom- 
pounded ; but with this difference, that it ſuffers ſome of its de- 
phlogiſticated air to eſcaps,:while it remains ianited to the alkali 
elf, in the form of phlogiſticated nitrous acid. As, to the 
production of dephlogiſticated air from plants, it may be ſaid, 
that vegetable ſubſtances conſiſt chiefly of various combina- 
tions of three different baſes, one of which, when united to 
dephlogiſticated air, forms water, another fixed air, and the 
third phlogiſticated air; and that by means of vegetation each 
of theſe ſubſtances are decompoſed, and yield their dephlogiſti- 
cated, air; and that in burning they again acquire * : 

cated air, and ate reſtored to their priſtine form. 
It ſeems, therefore, from what has been ſaid, as if the pher- 
amen of nature might be explained very well on this princi- 
5 | ciple, 


152 A1 3 5 Experiments on Arr. 
eiple, without:the he elp of phlogiſtou: ; and indeed, as adde 
dephlogiſtioated ait to a body comes to the ſame thing "as de- 
priv ing it of its phlogiſton and adding water to it, and as there 
are, perhaps, no bodies entirely deffitute of water, and as 1 
know no way by which phlogiſton can be transferred from one 
body to another, without leaving it vhcertait whether water 
is not at tlie ſame time transferred, it will be very difficult to 
determine by experiment which of theſe opinions is the trueſt; 
but as the commonly received principle of phlogiſton explains 
all phznomena, at leaſt as well as Mr. LAvorsrzn's, I have 
aàdhered to that. There is one circumſtance alſo, which though 
it may appear to many not to have much force, Ion has ſome 
weight with me; it is, that as plants ſeem to draw their nou- 
riſhment almoſt intirely from water and fixed and phlogiſticated 
air, and are reſtbred back to thoſe ſubſtances: by burning. it 
ſeems reaſonable to couclude, that notwithftanding their infi- 
nite variety: they eonſiſt almoſt intirely of various combinations 
of water and fixed and phlogiſticated air, united according to one 
of theſe opinions to phlogiſton, and deprived according - to the 
other: of dephlogiſtieated air; ſo that, according to the latter 
opinion, the ſubſtance of a plant is leſs compounded: than 2 
mixture of thoſe bodies into which it is reſolved by burning; 
and it is more reaſonable to look for great variety m the more 
nn than in the more ſimple ſubſtancceddaa. 
Another thing which Mr. LAvolsiER endeavours to prove is, 
that dephlogiſticated air is the acidifying principle. From what 
has been explained it appears, that this is no more than ſaying, 
that acids loſe their acidity by uniting to phlogiſton, which with 
regard to the nitrous, vitriolic, phoſphoric, andatſenical acids | 
is certainly. true. The ſame thing, I believe, may be ſaid of 
the acid of n and Mr. LAVoOoIsIER's experiment is a 
r I W 
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ſtrong confirmation of BexGMAN's opinion, that none of the 
ſpirit of nitre enters into the compoſition of the acid, but that 
it 1 ſerves to deprive the ſugar of part of its phlogiſton. 
But as to the marine acid and acid of tartar, it does not appeat 
that they are capable of loſing their acidity by any union with 
phlogiſton. It is to be remarked alſo, that the acids of ſugar 
and tartar, and in all probability almoſt all the vegetable and 
animal acids, are by burning reduced to fixed and phlogiſticated 
air, and water, and therefore contain more phlogiſton, or leſs 


dephlogiſticated air, than thoſe three ſubſtances. 
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SIR, 


AVING liftened with much attention, and derived 

much uſeful information from the very curious experi- 
ments of Mr. Cavenprsn, read at our laſt meeting, it is with 
peculiar regret I feel myſelf withheld from yielding an intire 
afſent to all he has advanced in his very ingenious paper ; and 
it is with ſtill greater that · I find myſelf obliged, by reaſon of 
the oppoſition of ſome of his deductions to thoſe I had the ho- 
nour to lay before the ſociety, about two years ago, to expoſe 
the reaſons of my diſſent, through your mediation, before this 
meeting. * 

In the paper already Wente * in April, 1782, I at- 
tributed the diminution of reſpirable air, obſerved in common 
phlogiſtic proceſſes, to the generation and abſorption of fixed 
air, which is now known to be an acid, and capable of being 
abſorbed by ſeveral fubſtances. That fixed air was ſome how 
or other produced in phlogiſtic proceſſes, either by ſeparation 
or compofition, I took for granted from the numerous experi- 
ments of Dr. PrxIEsTLEY ; and among theſe I ſelected, as leaſt 
liable to objection, the Calcination of a the decompoſi- 
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don of nitrous. by mixture with reſpirable air, the phlogiſtica· 
tion of reſpirable air by the electric ſpark, and, laſtly, that ef- 
fected by amalgamation. In each of theſe inſtances Mr. Caven- 
Disk is of opinion, that the diminution of reſpirable air is 
owing to the production of water, which, according to him, is 
formed by the union of the phlogiſton, diſengaged in thoſe pro- 
ceſſes, with the dephlogiſticated part of common air; and that 
fixed air 15 never produced iu phlogiſtic proceſſes, except ſome 
animal or vegetable ſubſtance is concerned in the operation, 
from whoſe decompoſition it may ariſe. To which of theſe 
cauſes the diminution of reſpirable air is to be attributed, [ ſhall 


now endeavour to elucidate. ' ; 


| Of the Calcination of Metals. 


. attributed the diminution of air by the calcination of 
metals, to the converſion of the dephlogiſticated part of com- 


giſton of the metal, for this plain reaſon, becauſe I find it ac- 
knowledged on all hands, that the calces of all the baſe metals 
yield fixed air, when ſufficiently heated. Mr. Cavendiſh allows 
the fact in general, but aſcribes the fixed air found in them to 
their long expoſure to the atmoſpbere, in which he ſays fixed 
air pre- exiſts; but that it exiſts in common air in any quantity 
worth attending to, or is extracted from it in any degree, I 
take the liberty of denying, grounded on the following facts. 
Firſt, T have frequently agitated 18 cubic inches of common air 
in 2 of lime-water, and 2 of common air in 18 of lime-water, 
but could never perceive the lighteſt milkineſs; and yet the 
thouſandth part of a cubic inch of fixed air would thus be made 


ſenſible ; for if a cubic inch of it be diſſolved in 3 ounces of 
© > water, 


mon air into fixed air, by reaſon of its union with the phlo- 
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water, a few drops of that water let into lime-water will pro- 
duce a cloud. Mr. Fontan a ſays, he frequently agitated 1 cubic 
inch of Tincture of Furnſole i in 7 or 800 of common air, with- 
out reddening it (23 Roz. p. 188.); and yet, according to Mr. 
BR ROMAN, 1 cubic inch of fixed air is ſufficient to redden 50 
of Tincture of Turnſole (IBERGM. 11.); from whence I am apt 
to think, that 700 cubic inches of common air do not even 
contain th of a cubic inch of fixed air. Dr. WRv rr found 
that 12 ounces of ſtrong lime-water, being expoſed to the open 
air for 19 days, ſtill retained about 1 grain of lime, (on Lime- 
water, p. 32.). Now 12 ounces of ſtrong lime-water contain 


at moſt 9, 5 grains of lime, and 1 gram of lime requires only 


o, 56 of a cubic inch of fixed air to precipitate it, the thermo- 
meter at 55 and the barometer at 29,5, as I have found. There- 
fore in 19 days this lime - water did not come in contact with 
more than four cubic inches of fixed air; yet it is certain that 
a large quantity of fixed air is continually diſengaged, and 
thrown into the atmoſphere, by various procefles, as putre- 
faction, combuſtion, &c. but it ſeems equally certain that it is 
either decompoſed, or more probably abſorbed by various bodies. 
Mr. FoxTANA let looſe 20000 cubic inches of fixed air, in a 
room whoſe windows and doors were cloſed, yet in 
hour after he could not diſcover the leaſt trace of it (ibid.). 
Though fixed air perpetually oozes from the floor of the Grotto 
del Cane, yet at the diſtance of four or five feet from the ground 
none is found; animals: may live, lights burn, &c. (Roz. Ibid. Mem. 


Stockh. 1775.). If diſtilled water-be expoſed to the atmoſphere, 


it is never found to abſorb fixed air, but rather dephlogiſticated 
air, according to Mr. SCHEELE's experiments, which could never 


happen if the atmoſphere contained any ſenſible proportion of 
7 fixed 
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hxed air; nor has rain-water been ever found to contain any, 
' which it certainly ſhould on the ſame hy potheſis; even Mr. 
CAvENDISH himſelf could find no fixed air in the reſiduum or 
products of about 1040 ounce. meaſures of common air, which 
he burnt with inflammable air. 

It is true, Dr. PriesTLEY ſuppoſed common air to con- 
tain , of its bulk of fixed air; but he drew this concluſion 


not from any direct experiment, but from the quantity of fixed 


air produced by breathing, which he at that time believed to 
have been barely precipitated, and not generated, an opinion 
which he has found reaſon to alter from his own experiments. 
I think I may therefore conclude, that the quantity of fixed 
air contained in the atmoſphere is abfolutely inappreeiable. 

- Secondly, ſuppoſing the atmoſphere to contain a very ſmall 
proportion of fixed air, yet I do not think it can be inferred 
that metals, during their calcination, extract any, becauſe I 
find that lime expoſed to red heat ever ſo long extracts none, 
though it is formed by a calcination in open air, which laſts 
at leaſt as long as that of any metal; neither does precipitate 
per je attract any, though its calcination laſts ſeveral months; 
nor does this proceed from the want of affinity, for if a ſatu- 
rate ſolution of mercury in any of the acids be precipitated by 
a mild vegetable alkali, very little efferveſcence is perceived, 
and the precipitate weighs much more than the quantity of 
mercury employed, and that this increaſe of weight ariſes in 
part from the fixed air abſorbed will preſently be ſeen. 

Since then metals may be calcined in cloſe veſſels, ſince they 
then abſorb one fourth part of the common air to which they 
are expoſed, ſince all metallic calces (except thoſe of mercury, 
which I ſhall preſently mention) yield fixed air, ſince common 
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air contains ſcarce: any fixed air; is it not apparent that the 
fixed air thus found was generated by the very act of calcination, 
by the union of the phlogiſton of the metal with the dephlo- 
giſticated part of the common air, ſince after the operation the 
metal is deprived of its phlogiſton, and the air of its dephlo- 
gifticated part 2.» 4 e . 
But Mr. Cavexpisn objects, that no one has extracted fixed 
air from metals calcined in cloſe veſſels. To which I anſwer, 
that this further proof is difficult, and no way neceſſary; it is 
difficult, becauſe the operation can eaſily be performed only on 
ſmall quantities; it is unneceſſary, becauſe it differs from the 
operation in open air only by the quantities of the materials 
employed, in every other reſpect it is exactly the ſame. Since 
Mr. CAvsNDrSsE ſuſpects the reſults are different, it is incum- 
bent on him to ſhew that difference; but until then, accord- 
ing to Sir I8Aac NEwToN's ſecond rule, 10 natural effefts of 
the ſame kind the ſame cauſes art to be aſſigned, as far as it may 
be done, that is, until experience points out ſome other cauſe, 
It may further be urged, that precipitate per /e yields only 
dephlogiſticated air, that minium alſo yields a large proportion 
of it. This difficulty I have formerly anſwered by aflerting, 
that theſe calces are in fact united only to fixed air, and that 
they yield dephlogiſticated air, merely becauſe the fixed air is 
decompoſed by the total or partial revivification of the metallic 
ſubſtances; this I think: may be demonſtrated' by the following 
experiments. Let ſublimate: corroſive ſingly be treated in any 
manner, it will not yield dephlogiſticated air (4 Pr. 240.) ;. but 
let a ſolution: of ſublimate corroſive be precipitated by a mild 
fixed alkali, this precipitate wathed, dried, and diſtilled. in à 
pneumatic apparatus, will yield dephlogiſticated air, and the 
2 Hs 2 | mer- 
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mercury Will be revived; but, if the ſolution of ſublimate cor- 
roſive be precipitated by lime · water, it ſeems no ait will be pro- 
duced. Here then we ſee, iſt, that the calx of mercury unites 
with fixed air; and, 2dly, that this fixed air is, during the 
revivification of the mercury, conyerted into dephlogiſticated 
air. Again: let one ounce of red precipitate, which, according 
to Mr. CAvENnD3SH, contains no nitrous acid, be diſtilled with 
two ounces, of filings of iron; this quantity of precipitate, 
which, if diſtilled by 3tſelf, would yield 65-ounce meaſures of 
dephlogiſticated air, will, when diſtilled with this proportion 
of filings of iron, yield 40 ounce meaſures of fixed air, as Dr. 
PrIESTLEY: has -fhewn in his laſt paper: whichever way this 
is explained, ſome or other of my opinions are confirmed; for 
either the mercurial calx is already combined with fixed air 
(which'I believe to be the caſe), and this air paſſes undecom- 
poſed, becauſe the mercury extracts phlogiſton from the iron; 
or it contains dephlogiſticated air, which is converted into fixed 
air by its union with the phlogiſton of the iron. 
If precipitate per fe be digeſted | in marine acid, the metcury 
will be revived (3] BexGM. 415.). Now this calx does not de- 
phlogiſticate the marine acid; for this acid, when dephlogiſti- 
_ cated, diſſolves mercury; how then does it revive it, if not by 
expelling the fixed air contained in it, which in the moment of 
its expulſion is decompoſed, leaving its 1 to the mercu- 
Ty, which is thereby revived? 
Again: if litharge be heated in a n it — afford more 
fixed and leſs dephlogiſticated air than if heated in glaſs or 
earthen veſſels. Does not this happen, becauſe the calx of 
lead, receiving ſome phlogiſton from the metal, does not de- 
phlogiſticate ſo great a Proportion of the fixed air as it other- 
wiſe would? = 
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Further: there is no ſubſtance which yields dephitogiſticated 
air, but yields alſo fixed air, even precipitate per ſe not except= 
ed; (3 PRIESr. 16.) and what is remarkable, they all yield fixed 

air firſt, and dephlogiſticated air only towards the end of the 
proceſs. Does not this happen becauſe metallic calces attract phlo- 
giſton ſo much more ſtrongly,” as they are more heated ? ? Thus 
many calciform iron ores become magnetic by calcination, though 
they were not ſo before; ſo alſo do all the calces of iron when ex- 
poſed to the focus of a burning glaſs (5 Dict. Chy. 179). Thus 
mercury cannot be calcined but in a heat inferior to that in which 

it boils; thus minium cannot be formed but in a moderate heat, 

and if heated ſtill more it returns to the ſtate of maſſicot, in 
which it was before it became minium, and much of it is re- 
duced. So if a ſolution of luna cornea. in volatile alkali be tri- 
turated with mercury, the filver will be revived, and the ma- 
| rine acid unite to the mercury, which ſhews this acid has a 
i ſtronger attraction to Mercury than to filver ; yet if ſublimate 
'q corroſive and filver be diſtilled in a ſtrong heat, the mercury 
will be revived, and the marine acid unite to the ſilver, which 
fhews that the attraction of . to 0 increaſes 
with the heat applied. | Tg is < Some 
Before I conclude this head, I will mention another experi- 
ment, which I think deciſive in favour of my opinion of the 
compoſition of fixed air. If filings of zinc be digeſted in a 
2 cauſtic fixed alkali in a gentle heat, the zinc will be diſſolved 
1 with efferveſcence, and the alkali will be rendered in great 
7 meaſure mild. But if, inſtead of filings of zinc, flowers of zinc 
v be uſed, and treated in the ſame manner, there will be no 
folution, and the alkali will remain cauſtic. + In the firſt caſe 
che efferveſcence ariſes from the production of inflammable air, 
4 which 
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which phlogiſticates the common air contiguous to it, and pro- 


duces fixed air, which is immediately abſorbed by the alkali, 
and renders it mild. In the ſecond caſe, no inflammable air is 
produced, the common air is not phlogiſticated, and conſe- 
— the alkali remains cauſtic v. This experiment alſo 
proves that metallic. calces attract fixed air more ſtrongly than 
alkalies attract it; for the calces of zinc are known to contain 
fixed air, and yet alkalies digeſted with them remain cauſtic ; 
and this accounts for the fight turbidity of lime-water when 
metals are calcined over it; for as ſoon. as the phlogiſton is 
diſengaged from the metal, and before it has abſorbed the 
whole quantity of fire requiſite to throw it into the form of in- 
flammable air, it meets with the dephlogiſticated part of the 
common air on the ſurface of the metal, and there forms fixed 
air, which 1s inſtantly abſorbed by the calx with which it is in 


contact, ſo that it is not to be wondered that i it does not unite 
to the lime from which! it ĩs diſtant. 


Of the Decompojiti on of Nitrous Air by mixture with 
Common Air. 


AS ſoon as I had heard Mr. Cavsnpien's paper ink I ſet 
about trying whether lime would be precipitated from lime- 
water during the proceſs, an experiment I had never made 
before with common air, taking it for granted that it was ſo, 


from the repeated experiments of Dr. PRIESTLEVY, and indeed 
of all others who had treated this fubje& + and, in 5. 


*. See Mr, — Experiments om zine, Mem. Par. 177. p. 7 & 9. 1 
+ See x Pr. 114. 189. 2 Pr. 2t6. Font, aa 8 p. 77. 1 Chy. 
Di. 324. my 
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was . perceptible, and umpregnated 1 it with a very ſmall pro- 
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when I: made the experiment" with nitrous: air prepared and 
eonfined by the water of my tub; I found lime · water admitted 
to it inſtantly precipitated. But after I had tead Mr. CAvAN - 
DIsH's paper, which he bad the politeneſs to permit me, and 
had, according to his direction, received the nitrous air over 
mel water, I did not then perceive the leaſt milkineſs after ad- 
mitting common air. After 12 hours I indeed perceived a 
whitiſh duſt, on the bottom of the glafs veſſel in which I made 
the experiment, which I cannot aſſure to be calcareous; and, 
on breathing intd the lime water, an evident milkineſs enſued; 
fo that I little doubt but the precipitation I obſerved in the firſt 
experiment aroſe from the decompoſition of the aerial ſelenite 
cofitained in the water of the tub. And it is very poſſible that 
the precipitation of lime, which I perceived ſome years ago on 
mixing dephlogiſticated air! ant nitrous air, might have ariſen 
from the ſame cauſe, or from fixed air pre-contained in the de- 
phlogiſticated, as this laſt had not been waſhed in lime-water. 
vet I do not think the failure of this experiment at all concluſive 
againſt the ſuppoſed Production of fixed air on this occaſion, 
becauſe the quantity of fixed air is ſo ſmall, that it may well be 
ſuppoſed to unite to the nitrous felenite formed in the lime- 
water. It is well known that a ſmall quantity of fixed air is 
capable of uniting to all neutral falts: thus Dr. PrIESTLEY has 
extracted it from tartar vitriolate and alum, (2 PR. 11 TR 16.) 
and gypſum, (2 Pr. 80.) ; and Dr. Mac Bz1De found it in nitre 
and common falt, though in ſmall quantity. But to try whether 
nitrous ſelenite would attract any, I made a ſolution of chalk in 
nitrous acid, which, when ſaturate, weighed 381,25 grains; but, 
being expoſed. to the air for a few hours, it weighed 382, 25. J 
afterwards took a very dilute nitrous acid, in which an acid taſte 
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portion ef hs air, and then let fall a'few drops of it into lime: 


water; not the ſmalleſt cloud was: perceived, and yet when I 
breathed into it afterwards it became milky in a few feconds ;; 
ſo that this experiment is perfectly A to that in which 
nitrous and common air. were mixed, . | | 
But if nitrous air and ren anined over a mer- 
cury, the reſult.is intirely adverſe. to the opittion of Mr. Ca- 
VENDISH, and favourable to mine 3 for in this caſe the com- 
mon air 1s not at all diminiſhed until water is admitted to it, and 
the mixture agitated a few minutes, and then the diminution is 
nearly the ſame as if the mixture were made over water. Thus 
when 1 mixed: two cubic inches of common air with one of 
nitrous air, they occupied the ſpace of two inches and one- 
eighth, and the ſurface of the mercury was immediately cal- 
eined; which ſhews that the inch of nitrous air was decom- 
poſed; and produced nitrous acid; but the common air was un- 
diminiſhed ; and the one eighth of an inch over and above the 
two inches of common air, proceeded from an addition of new 
nitrous ajr, formed by the corroſion of the ſurface. of the mer- 
cury. That the common air ſhould remain undiminiſhed is 
eaſily explained in my ſyſtem, becauſe fixed air is formed, 
which, on this occaſion, muſt remain unabſorbed, at leaſt for 
a long time, as there is nothing at hand that can immediately 
receive it; and hence, if water be admitted ſoon after the mix- 
ture of both airs, the diminution will be nearly the ſame as if 
the mixture had been originally made over water, though not 


exactly the ſame; becauſe the nitrous air, produced by the 


union of the newly formed nitrous acid with the mercury, is 
not entirely abſorbable by water. But, in Mr. Cavenpisn's* 
hypotheſis, the common air ſhould be diminiſhed juſt as muck” 
as if the mixture were made over water; for, according to him, 


Y- 2 this 


| acid newly formed; and, 2dly, becauſe the fixed air, 
whoſe abſorption the diminution depends, is abſorbed by ag 
mercurial ſalt, as may be inferred from the experiment in 
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this 1 from the converſiou of the dephlogitis 
cated part of the common; air into water, which water ſhould 
immediately unite to the nitrous ſalt of mercury, and leave 
the common air leflened in its bulk by a portion commenſurate. 
to that converted into water, or, if he will not allow the water 
to have immediately united to the mercurial ſalt, at leaſt by 


the difference of the bulk of the water produced, and that of an 


equal weight of the common air converted into it: but neither 
happens; for the common air is not at all diminiſhed; not 
can he explain, conſiſtently wich his ſyſtem, why the admiſ · 
ſion of water ſhould immediately produce a diminution in the 
common air, as, according to him, it contains nothing that 
can be abſorbed. Dr. Px1zsTLEy has remarked, that if a mix- 
ture of both airs be ſuffered to ſtand ſeveral hours, even the ad- 


miſſion of water will produce no diminution. This is owing 


to two cauſes ; iſt, becauſe a large quantity of nitrous air is 
produced, by the continued action of the concentrated nitrous 


1 Lavors1ER, p. 248. 


Of the Diminution of Common Air by the Eleftric Spark. 


Of all the inſtances of the artificial production of fixed air, 
by the union of phlogiſton with the dephlogiſticated part of 
common air, there is none perhaps ſo convincing, as that ex- 
hibited by taking the electric ſpark through common air, over 
a folution of litmus, or lime-water ; for the common air is di- 


miniſhed one fourth, the litmus reddened, and the lime-water 


Precipitated, Mr. Cavzxplsn indeed attributes the redneſs of 
the 
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the litmus. to fixed air; but he thinks it proceeds from a 2 


compoſition of ſome part of the vegetable juice, as all vege- 


does not take place, I think may be infesred from the following 


reaſons: firſt, if the eleQric ſpark be taken through phlogiſti- 


_ cated or inflammable air confined by litmus, no redneſs is pro- 
| duced, the air not being in the leaſt diminiſhed; and, adly, 
if the litmus were decompoſed, inflaramable air-ſhould. be pro. 
duced as well as fixed air; and then there ſhould be an addition 
of bulk inſtead of a diminution ; but what ſets the origin of 


perhaps phlogiſton, which cannot produce fixed air but by 
uniting to the common air, according to my ſuppoſition ; but: 
it is much more probable, that the diminution does not ariſe from 
any phlogiſton in the lime, as it is exactly the ſame whether 
lime- water be uſed or not; and the lime does not appear to be 
in the leaſt altered, and in fact contains ſcarce any phlogiſton. 


Of the diminution of Common Ar, by the Amalgamation of 
Mercury and Lead. 


attributed this diminution- 10 the phlogiſtication of the 


common air by the proceſs of amalgamation, and the conſe- 
quent production and abſorꝑtion of fixed air. On this 


VENDISH: 


the fixed air-from the phlogiſtication of the common air beyond: 
all doubt is, that if lime- water be uſed inſtead of litmus, the 
diminution is the ſame, and the lime is prezipitated.. Here 
Mr. CavenD:8# ſays, the fixed air proceeds either from. /ome- 
dirt in the tube; a ſappoſition, which, being neither neceflary nor 
probable, is not admiſſible; or elſe from ſome combuſtible matter 
in the lime; but lime contains no combuſtible matter, except 
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| VENDISH obſerves, *« that mercury, fouled by the addition o 
lead or tin, depoſits a powder which conſiſts in great meaſure 
« of the calx of the metal : he found alſo, that ſome powder of 

this ſort contained fixed air; but it is not clear that this air 

« was produced by the phlogiſtication of the air in which the 

* mercury was ſhaken, as the powder was not prepared on 

« purpoſe, but was formed from mercury fouled by having 
«© been uſed for various purpoſes, and may therefore contain 

* other impurities, befides the metallic calx.” On this I re- 

mark, that Dr. ParzsTLEY did not indeed at firſt prepare this 

poder on purpoſe; but he afterwards did ſo prepare it (4 PRIEST. 

p. 148, 149.) and obtained a powder exactly of the ſame ſort; and 
it is certain that the fixed air found in it proceeded from the 

common air, both becauſe metallic calces, not formed by amal- 
Famation, will not unite with mercury, as is well known; and 
becauſe this calx cannot be formed by agitation of the mercury 
and lead, in phlogiſticated, inflammable, or any other air which 
is not reſpirable; and the fixed air cannot proceed from any 
impurity, as mercury will not unite in its running form to any 
other but metallic ſubſtances, which it always partially dephlo- 
* like other menſtruums (3 Chy. * 425. )- 


Of the Diminution of Reſpirable Air by Combuſtion 


Though I have no doubt but the diminution of reſpirable air, 
by the combuſtion of ſulphur and phoſphorus, proceeds alſo in 
great meaſure from the production and abſorption of fixed air, 
yet I avoided mentioning this operation, as the preſence of a 
ſtronger acid renders the preſence of a weaker impoſſible to be 
proved, more eſpecially, as both theſe acids precipitate lime 
from lime-water; but the great increaſe of weight which the 
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pboſphoric acid gains is a ſtrong, additional inducement to think 
that it abſorbs fixed air. During the combuſtion of vegetable | 


ſubſtances, I think it highly prabable that fixed air is formed, 
both from my own experiments on the combuſtion of wax can- 
dles, and that mentioned in the firſt volume of Dr. Pa Ixsr- 
LEY's Obſervations, p. 136; but when inflammable air from 
metals and dephlogiſticated air are fired, as a great diminution 
takes place, and yet no fixed air is found, I am nearly con- 
vinced, by Mr. Cavenvisn's experiments, that water is really 
produced; nor am I ſurprized that, in this inſtance, the union of 
phlogiſton and dephlogiſticated air ſhould form a compound very 
different from-that which it forms in other inſtances. of phlo- 
giſtication, but ſhould rather be led to expect it à priori; for in 
this caſe the phlogiſton is in its moſt rarefied known ſtate, and 
unites to dephlogiſticated air, the ſubſtance to which it has 
the greateſt affinity, in cireumſtances the moſt favourable to 
the cloſeſt and moſt intimate union; for both, in the act of 
inflammation, are rarefied to the higheſt degree; both give out 

their ſpecific fire, the great obſtacle to their union, it being by 
the inflammation converted into ſenſible heat (a circumſtance 
which, in my opinion, conſtitutes the very eſſenee of flame); the 
reſulting compound having then loſt the greateſt part of its 
ſpecific fire, is neceſſarily reduced, according to Dr. BLack's 
theory, into a denſer ſtate, which the preſent experiment ſhews 
to be water; whereas, in common caſes of combuſtion, the 
phlogiſton being denſer and leſs divided, unites leſs intimately 
with the dephlogiſticated part of common air, conſequently ex- 
pels leſs of its ſpecific fire, and therefore forms leis denſe com- 
pounds, vis. fixed and phlogiſticated airs; aud ſo much the 


more, as a great part intirely eſcapes combuſtion 3 but it ſeems 
probable 
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probable | that! in very ſtrong and bright inflammations, the union. 
is more perfect, and water formed. 

Water being then the reſult of the cloſeſt and moſt intimate 
union of dephlogiſticated air and phlogiſton, it ſeems to me very 
improbable, that it is ever decompoſed by the affinity of any 
acid to Phlogiſton, as all the experiments hitherto made ſeem 
to prove, that phlogiſton bas a ſtronger affinity to dephlogiſti- 
cated air than to any other ſubſtance, except hot metallic cal- 
ces; and theſe, in my opinion, are incapable of forming any 

union with water, except as far as they are ſaline, but they 
never can be reduced by it. So alſo water is incapable of 
uniting with any more phlogiſton, as ſulphur is, both being 
already ſaturated. 
Mr. CavenviIS is inclined to think, that pure inflammable 
air is not pure phlogiſton, becauſe it does not immediately unite 
with dephlogiſticated air, when both airs are ſimply mixed with 
cach other; this reaſon ſeems to me of no moment, becauſe 1 
ſes ſeveral other ſubſtances, that have the ſtrongeſt affinity to 
each other, refuſe to unite ſuddenly, or even at all, through 
the very ſame cauſe that dephlogiſticated and inflammable airs 
refuſe to unite ; v2. on account of the ſpecific fire which they 
contain, and muſt loſe, before ſuch union can take place : thus 
fixed air will never unite to dry lime, though they be kept 
ever ſo long together; t 3 thus, if water be poured on the ſtrong- 
eſt oil of vitciel, they will remain ſeveral weeks in contact, 
without uniting, as I myſelf have experienced; and yet, in 
both caſes, the ſpecific fire need be expelled only from one of 
the ſubſtances, and nat from both : but after a long time they 
will unite ; fo alſo will inflammable and dephlogiſticated air, as 
Dr. PRIEsTLRT has diſcovered ſince his laſt publication. 
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That phlogiſticated air ſhould confiſt of ſu perſaturated nitrous 
air, I think improbable, as it retains its phlogiſton much more 
ſtrongly than nitrous air, which, according to the general laws 
of affinities, it ſhould not, if it contained an exceſs of phlogiſ- 
ton; and as Dr. PrizsTLEY and Mr. FonTANA repeatedly aſ- 
ſure us, they have converted it into common air, by waſhing it 
in water, in contact with the atmoſphere. 1 am, SS. 


R. KIRWAN. 


London, 
Jan. 29, 1784. 
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N a paper lately read before this Society, containing many 
experiments on air, I gave my reaſons for ſuppoſing that 
the diminution which reſpirable air ſuffers by phlogiſtication, 
is not owing either to the generation or ſeparation of fixed air 
from it ; but without any arguments of a perſonal nature, or 
which related to any one perſon who eſpouſes the contrary doc- 
trine more than to another. This being contrary to the opinion 
maintained by Mr. KE WAV, he his written a paper in anſwer 
to it, which was read on the fifth.-of February. As I do not 
like troubling the. Society with oontroverſy, I ſhall take no 
notice of the arguments dd by him, but ſhall leave them for 
the reader to form his own judgement of; much leſs will 1 
endeavour to point out any inconſiſtencies or falſe reaſonings, 
ſhould any ſuch have crept into it; but as there are two or 
three experiments mentioned there, which may perhaps be 
conſidered as diſagreeing with my opinion, I beg leave to lay a 
few words concerning them. 
Mr. pz LAssoNE found that filings of zinc, digeſted in a 
cauſtic fixed alkali, were partially diflolved with a ſmall effer- 
veſcence, and that the alkali was rendered in ſome mea- 
I ſure 
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ſure mild. This mildneſs of the alkali Mr. Kinwan accou ins 


. 0 4 


for by ſuppoſing, that tt inflarnmable air, Which is ſepalſted 
during the falution, and. cauſes the efferveſtenie, Writes" tothe 
atmoſpheric air contiguous to it, and, thereby g enerates Axbd 
air, which is abſorbed by the alkali. Bit, oY realiry, the 6111) 
circuraſtance from which Mr. DE LAssONE judged the Alkali to 
become mild, was its making ſome efferveſcence when faturated 
with acids; and this efferveſcence 15 more likely to have pro: 
ceeded from the expulſion of inflammable air than of fixed air; 
as it ſeems Tikely, that the zinc might be more cortpletely 
deprived of its pblogiſton by the acid than by the alkafi. © 

In the abovementioned paper I ſay, Df. PRIESTLEY ob- 
ſerved, that quickſilver fouled by the addition of lead or tin. 
depoſits: a powder by agitation and expoſure to the air, which 
conſiſts in great meaſure of the calx of the imperfe# metal. 


and may therefore ws contained, 8 impurities beſides the 
metallic calces. On this Mr. KIxwAN remarks, chat Dr. 
PrIESTLEY did not at. firſt Prepare this powder on purpoſe, but 
he afterwards did- ſo prepare it (4 Ty. p- 148. and 149:;);. and 
obtained a powder exactly of the ſame ſort. It was natural to 
ſuppoſe from this remark, that Dr. PRIESTLEY muſt Have ob” 
tained fixed air from the powder prepared on purpoſe, atid that 
I had overlooked the paſſage ;. but, on turning to the pages re- 
ferred to, I was ſurpriſed to find that it was othetwiſe; and 
that Dr. PalzsrLEY not ſo much as hints that he procure 


red air from the powder thus prepared. 3 
1 | E Res With 
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With regard to the calcination of metals it may be proper to 
remark, that this operation is uſually perforined over the fire; 
by methods in which they are expoſed to the fumes of the 
burning fuel, and which are ſo replete with fixed air, that it is 
not extraordinary, that the metallic calx ſhould, in a ſhort 
time, abſorb a conſiderable quantity of it; and in particular 
red lead, which is the calx on which moſt experiments have 
been made, is always ſo prepared. There is atiother kind of 
calcination, however, called ruſting, which is performed in 
the open air; but this 1 is ſo flow an operation, that the ruſt 
may. eaſily imbibe , a ſufficient quantity of fixed air, not- 
withſtanding- the ſmall quantity of 1 it uſually contained | in che 
atmoſphere. wes Fe 

Mr. KixwaAN allows that rn is not rendered cloudy 
by the mixture of nitrous and common air; but contends that 
this does not prove that fixed air is not generated by the union, 
as he thinks it may be abſorbed by the nitrous ſelenite produced 
by the union of the nitrous acid with the lime. This induced 
me to try how ſmall a quantity of fixed air would be perceived 
in this experiment. I accordingly repeated it in the ſame man- 
ner as deſcribed in my paper, except that I purpoſely added a 
little fixed air to the common arr, and found that when this 
addition was th of the bulk, or th of the weight of the 
common air, the effect on the lime-water was ſuch as could 
not poſſibly have been overlooked in my experiments. But as 
thoſe who ſuppoſe fixed air to be generated by the mixture of 
nitrous and common air, may object to this manner of trying 
the experiment, and ſay, that the quantity of fixed air ab- 
ſorbed by the lime - water was really more than r th of the 
bulk of the common air, being equal to that quantity over 
and 
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and above the air generated by the mixture, I made another 
experiment in a different manner ; namely, I filled a bottle 
with lime-water, previoufly mixed with as much nitrous acid 


verted it into a veſſel of the ſame, let up into it, in the ſame 
manner as in the above-mentioned experiments, a mixture of 
common air with th of its bulk of fixed air, until it was 
half full. The event was the ſame as before ; namely, the 
cloudineſs produced in the lime-water was ſuch that I could 
not poſſibly have overlooked. It muſt be obſerved, that in this 
experiment no fixed air could be generated, and a ſtill greater 
proportion; of the lime-water was turned into nitrous ſelenite 
than. in the above-mentioned experiments; ſo that we may 
ſafely conclude, that if any fixed air is generated by the mix- 
ture of common and nitrous air, it muſt be leſs than eth of 
the bulk of the common air. | 

As for the nitrous ſelenite, it ſeems not to make the effect of 
the fixed air at all leſs ſenfible, as I found by filling two bottles 


with common air mixed with .:.,dth of its bulk of fixed air, 


and pouring into each of them equal quantities of diluted lime- 
water; one of theſe portions of lime- water being previouſly 


diluted with an equal quantity of diſtilled water, and the other 


with the ſame. ngen of a diluted ſolution of nitrous ſelenite, 
containing about .:..dth of its weight of calcareous earth ; 


when 1 could not perceive that the latter portion of lime- 


water was rendered at all leſs cloudy than the former. Though. 
the nitrous. ſelenite, however, does not make the effect of the 
fixed: air leſs ſenſible, yet the dilution of the lime-water, in 
conſequence of ſome of the lime being abſorbed by the acid, 
does; but, [ ee, not in any remarkable degree. 
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as is contained in an equal bulk of nitrous air, and having in- 
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here I; is an experiment mentioned by Mr. Kixwax which; 
alvigh it cantigt be cbnſidered 48 an argument in favour. of tho 
| generation of fixed air, as he only ſuppoſes, without any proof, 
that fixed air is produced 1 in it, does yet deſerve to be taken 
notice of as a curious experiment. It is, that, if nitrous and 
common air be mixed over dry quickſilver, the common air is 
not at all dimiuiſhed, that is, the bulk of the mixture will be 
not leſs than that of the c common air employed, until water is 
. admitted, and the mixture agitated for a few minutes. The 
realon of this in all probability 1s, that part of the phlogiſti- 
.cated nitrous acid, into which the nitrous air is converted, re- 
mains in the ſtate of vapour until condenſed by the addition of 
water. A proof that this is the real caſe is, that, in this man- 
ner of performing the experiment, the red fumes produced on 
mixing the airs remain vifible for ſome hours, but rang, 
diſappear on the addition of water and agitation. | 


The moſt material experiment alledged by Mr. Kwan! IS 
one of Dr. PRIEST EE Sy in which he obtained fixed air from 


a mixture of red precipitate and iron filings.” This at firſt 
ſeems really a ſtrong argument in fayour of the generation of 
fixed air; for though plumbago, which is known to conſiſt 
chiefly of that fubſtance, has lately been found to be contained 
in iron, yet one would not have expected it to be decom- 
pounded by the red precipitate, eſpecially when the quantity of 
pure iron in the filings was much more than ſufficient to ſupply 
the, precipitate with phlogiſton. The following experiment, 
however, ſhews that it was really decompounded ; and that 
the fixed air obtained was not generated, bat any ſeparated by 
means of this decompoſition. ' | 
Foo grains of red precipitate mixed with 1000 of iron filings 


yielded, by the affiſtance of heat, 7800 grain meaſures of fixed 
| vir, 
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air: | beſides 2400 of A mixture of dephlogiticated and inflich. 
mable air, but chiefiy the latter. The ſame quantity of i Iron 
filings, taken from the ſame parcel; was then diſſolved in di- 
luted oil of vitriol, ſo as to leave only the plumbago and other 
impurities. Theſe mized with 500 grains of the ſame red 
precipitate, and treated as before, yielded 9200 grain mea- 
ſures of fixed air, and 4200 of dephlogiſticated air, of an in- 
different quality, but without any ſenſible mixture of inflam- 
mable air. It appears, therefore, that leſs fixed air was pro- 
duced when the red precipitate was mixed with. the iron filings. 
in ſubſtance, than when mixed only with the plumbago and 
* impurities; which ſhews, that its production was not 
owing to the iron itſelf, which ſeems to contain no fixed air, 
but to the plumbago, which contains a great deal. The rea- 
ſon, in all probability, why leſs fixed air was produced in the 
firſt caſe than the latter is, that in the former more of the 
plumbago eſcaped. being decompounded by the red precipitate 
than in the other. It muſt be obſerved; however, that the 
filogs uſed in this experiment were mixed with. about _*,th of 
their weight of braſs, which was-not diſcovered till they were- 
diſſolved in the acid, and which makes the experiment leſs de- 
cifive than it would otherwiſe be. The quantity of fixed air 
obtained is alſo much greater than, according to Mr. Brxo- 
MAN's experiment, could be yielded by the plumbago uſually 
contained in 1000 grains of iron; fo that though the experi- 
ment ſeems to ſhew that the' fixed air was only produced by- 
the decompoſition of the impurities in the filings, yet it cer-- 
tainly ought to be repeated in a more accurate manner. 
Before I conclude this paper, it may be proper to ſum up- 
the ſtate of the argument on this ſubject. There are five me- 


thods of phlogiſtication conſidered by me in my paper on air; 
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namely, firſt, the calcination of metals, either by themſelves 
or when amalgamated with quickfilver ; ſecondly, the burn- 
ing of ſulphur or phoſphorus ; thirdly, the mixture of nitrous 
air; fourthly, the exploſion of inflammable air; and, fifthly, 
the electric ſpark ; and Mr. KIRwAN has not pointed out any 
other which he conſiders as unexceptionable. Now the laſt of 
theſe I by no means conſider as unexceptionable, as it ſeems 
muclr moſt likely, that the phlogiſtication of the air in that 
experiment is owing to the burning or calcination of ſome ſub- 
ſtance contained in the apparatus *. It is true, that I have no 
proof of it; but there is ſo much probability 1 in the opinion, 
that till it is proved to be erroneous, no conclufion can be 
drawn from ſuch experiments in favour of the generation of 
fixed air. As to the firſt method, or the calcination of metals, 
there is not the leaſt proof that any fixed air is generated, 
though we certainly have no direct proof of the contrary ; nor 
did I in my paper inſiuuate that we had. The ſame thing may 
de ſaid of the burning of ſulphur and phoſphorus. As to the 
mixture of nitrous air, and the combuſtion of inflammable air, 
it is proved, that if any fixed air is generated, it is ſo ſmall as 
to elude the niceſt teſt we have. It is certain too, that if it 
had been ſo much as th of the bulk of the common air em- 
ployed, it would have been perceived | in the firſt of theſe me- 
thods, and would have been ſenſible in the ſecond though 
ſtill leſs. So that out of the five methods enumerated, it has 
been ſhewn, that in two no ſenſible quantity is generated, and 
not the leaſt proof has been aſſigned that any is in two of the 


* In the experiment with the litmus I attribute the fixed air to the burning of 
the litmus, not decompoſition, as Mr. Kixwan repreſents it, which is a ſufficient 
reafon why no fixed air ſhould be found when the experiment is tried with air in 
which bodies will not burn. | | 

5p | others; 
; 7 
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others; and as to the laſt, good reaſons have been aſſigned for 


177 


thinking it inconcluſive; and therefore the concluſion drawh 
by me in the above-mentioned paper ſeems ſufficiently juſtified ; 
namely, that though it is not impoſſible that fixed air may be 
generated in ſome chemical proceſſes, yet it ſeems certain, that 
it is not the general effect of phlogiſticating air, and that the 
diminution of common air by phlogiſtication is by no means 
owing to the generation or ſeparation of fixed air from it. 
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MEAN to trouble the * but with a very few words 
in reply to Mr. CavenDisn's anſwer, as I conſider the 
{ greater part of mine to him as ſtill unanſwered. 
In the firſt place, he ſays, that in Mr. LAssoxx's experi- 
ment the efferveſcence proceeded not from any fixed air in the 
alkali, but from the further action of the acid on the zinc from 
which inflammable air was diſengageg⸗ But this could not have 
happened; for, firſt, die zinc, Fllen ef being further acted on 
by the acid, was ; prop pibated accordin to Mr. LassoxE- s OWN 
account (p. 8.) and, fecondly, the acid wis only added by 
degrees, and undoubtedly would unite-49 h Alkali preferably 
to the Zinc; therefore it was from the Alkali, and not from the 
zinc, that the e erveſcence' aroſe. © 
2dly, With mee to the calcination of lead; thou in 
England the ſmoke and flame may come in contact with the 
metal, yet in Germany red lead is formed without any com- 
munication between them, according to Mr. Nosx, who has 
given an ample account of this manufactory (p. 86.) . Is not 
lime formed in contact with fuel, flame, and ſmoke? Mr. 
Macau even thinks it probable, that the contact of flame 
is hurtful to the production of minium (2 Did. Chy. 639.) 
Mr. Mon Er made minium by melting lead + in a cuppel, in 
ſuch 
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© the. black. powder, which: Dr., PRIB6TLAY, formed out: ofa 


amalgam of mercury and lead, was exachy the; fame; BS; thas 


out of which he had extracted fixed air z Hufe think, 1 — 
af gned very fuffigient .reaſans for my, opiniam : how, far I w 


right will beſt appear by, Dr. PniIxsTLEx's own lettec, in — 


hands of the Secretary, of which the following is an extrag. 8 


Re certainly Amagined, the, two black. powders you wi ite 
10 about to be of the ſame pature, and therefore did not, att. 
<,tempt. to extra any air from the latter 3, but, immediately 
% on the receiꝑt of Jon, favour of yeſterday, Þ'diflalyed. 4B 
« oance of lead in mercury, and expelling, it by agization;; 
put the black powder, which weighed: near 12 ,QUACES, into 


* 29 gynce, meaſures of very pave; Hxce airs not eth ofnhich. 
" remained nogbſorbed by; water. 6 ig fiof od 3 HELD 2. 
Fourthly, it is impoſfiblg toiatvihute the Rand, aix, Pauens 
by the diſtillation, of red - precipitate and filings of 1998 co 
the decom poſitiog of the. phagnbago! gautained in then iron 
for the quantity of fixed air produced 3 in Mr. CAvIN NANA 
own. experiment is more than fwigs the weight Hu the 
whole quantity, of plumbago contained. in the quantity 
iron he uſed, ſappoſing. the whole of the ꝑplumbagoc t to 
to conſiſt of fixed air, which is not pretended ; 3. and, mar than. 
eight times the: weight of the quantity of, fixed; ais which 
plumbago really contains. For Mr. Cav Nis employed / in. 


his experiment 1000 grains of iron and 500 grains of red pre- 
cipitate, and obtained 7800 grain meaſures of fixed air, which 
are equal to 30 cubic inches, and weigh 17 grains. Now 100 

A 4 2 grains 
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pkg bar iron contain, according to Mr. BERGMAN, at moſt, 
2wo-tenths of a grain of plumbago ; and conſequently 1000 grs. 
of this iron contain but two grains of plumbago; and plumbago, 
according to Mr. SchEkl. x, contains but one-third of its weight 
of fixed air; ſo that here, ſuppoting the plumbago to be de- 
compoſed, we can have at moſt but ſeven-tenths of a grain of 
fixed air, or little more than one cubic inch. If we ſuppoſe 
the filings to be from ſteel, 1000 grains of ſteel containing 
eight of plumbago, we may have about 2,5 of fixed air, or 
about 1,5 cubic inch, and this is the ſtrongeſt ſuppoſition, 
and the moſt favourable to Mr. Cavxxpisn. What ſhall we 
then ſay, if we conſider that theſe filings were mixed with 
copper or braſs which contain no plumbago? and, above all, 
that plumbago cannot be ſuppoſed decompoſable by red Preci- 
pitate, ſince even the nitrous acid carnot decompoſe it? 
Ithly, With regard to the power which nitrous ſelenite has 
of abſorbing fixed air, I muſt allow the experiments of Mr. 
CavenDIsH to be juſt and agreeable to my own; but it only | 
follows, that when fixed air is in its naſcent tate, it is more 
abſorbable. Thus many metallic calces take it from alkalies 
in its naſcent ſtate, * in | other * circumſtances they will 
take none. 
Laſtly, the permanence of a mixture of nitrous and com- 
mon air, made over mercury, cannot be attributed to nitrous 
vapour, as vapour is not elaſtic in cold; beſides, I have often 
made the mixture without producing any ſuch durable vapour, 
and this will always happen, when the nitrous air is made from 
nitrous acid ſufficiently _—_— ” | 
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nitudes of the Fixed Stars; together with ſome Aſtronomical 
Obſervations... By the Rev, Francis Wollaſton, LL. B. 
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ROM ſome alterations which have of late years been. diſ- 
covered, in the relative poſitious and apparent magnitudes: 
of a few of the ſtars we called fixed, it ſeems: not unreaſona- 
ble to conclude, that there. may be many changes among others- 
of them we little ſuſpect. This thought has led me into a wiſh, 
that ſome method were adopted whereby to detect ſuch mo- 
tions. The firſt idea which occurred to me was, to make a 
propoſal to aſtronomers i in general ; that each ſhould undertake. 

a frif# examination of a certain diſtrict in the heavens; and, 

not only by a' re-examination of the catalogyes hitherto pub- 

liſhed, but by taking the right aſcenſion and. declination of. 
every ſtar in their ſeveral allotment, to frame an exact map of. 
it, with a correſponding catalogue; and to communicate their. 
obſervations to one common centre. This is what I could 
be glad to ſee begun. Every aſtronomer muſt with it, and there - 
fore every one ſhould be ready to take his ſhare in it. Such. 
a plan, undertaken with ſpirit, and carried on gradually with: 
care, would, by the joint labours and emulation of ſo many 
aſtronomers as are now in Europe, produce a celeſtial Atlas far 
beyond any thing that has ever yet _ 
7. 


— 


But 
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But this would be a work of time, and not within the com- 
paſs of every one. What 1 mean now to propoſe is more im- 
mediate; and not out of the reach of * Who amuſe them- 
ehen dite viewing the heavty ly bodies. \d * n tv BO 03 
Meridian altitudes. and tranſits gan be taken but once in 24 
' hours.3 and, ;thaygh accurate, are therefore tedious. Neither 
can any re- examination of them be made, but with the ſame 
labour as at the firſt. Equatorial ſectors are in the hands of 
few; and require great ſkill. Some more general, method 
ſeemed wanting; to diſcover variations, which, when detected 
or only ſurmiſed, ſhould be conſigned immediately to a more 
ſtrict inveſtigation. _ 

Purning 'this in my thoughts, 1 1 confidered, that the noting 
don at the time the exact appearance of what one ſces, would 
be far more ſimple, and ſhew any alterations 1 in that appearance, 
mẽböre readily, than any other method. A Drawing once made 

would "remain, and could be conſulted * at any future period; 3 
an if it were dratyn at firſt with. care, a a tranſi ent. review. 
would diſcover to orie, whether any ſenſible change ge had taken. 


place fince it was laft exitni ed. Catalogues, 0 or verbal Deferip- 
tions of any kind, cold i not, anſwer that end fo well. 
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-aHd a teleſcope with a larg E fiel and ſome p Proper ſub-diyiſions 


30161 


«molt fair for ſuccefs. 3 
2 The f following i is the method which, After various rinks, 1 
have adopted, and think I may now venture to recommend. 


which magnifies about ſix times, and takes in a field of juſt 
about as many 


6 


o - wt. 


To do this with eafe auler E 7 1 was chen the  requilite: 


init; to direct the eye aha aſſiſt | the Judgement, ſeemed to bid 


To a night-glaſtb, but of Por. L oN! 8 improved conſtruction, | 


degrees | of great circle, 1 have added croſs, 
We MOTT; 
ng each other at an 1 angle of 45%. More wires 


16161 


. | may 


— 
\ 


my op iy, 
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dh ve erofſed it ober dttectionb, F but! apprehend theſe will be 
fouitid ſufficlerit“ This teleſcope I mount on a polar axis. One 
coat ſely male, and without ahy divifiens on its circle of decli- | 
nation, Will anfwer this purpoſe, fince thete is ho great o- | 
ſion fot accuracy in that reſpett: but as the heavenly bodies ate - 
more readily followed by an equatorial motion of the teleſcope, . : 
fo their telative poſitions are much more. eafily diſcerned when 
they ate looked at conſtantly as in the ſame direction. An ho- 
rizontal motion, except in the meridian, would be apt to miſlead 
the judgement. It is ſcarcely neceſſary to add, that the wires 
muſt ſtand fo as for one to deſcribe a parallel of the equator 
nearly. Another will then be a horary circle; and the whole - 
atea will be divided into eight equal ſectors. 

Thus prepared, the teleſcope is to be pointed to a known ſtar, 
which is to be brought into the centre or common interſectioſi 
of all the wires. The relative poſitions of ſuch other ſtars 

as appear within the field, are to be judged-of by the eye: 
whether at J, of 2, or + from the centre towards the cir- _—- 
cumference, or vice werſd ; and ſo with regard to the neareſt. 
wire reſpectively. Theſe, as one ſees them, are to be noted 
down. with a black. lead pencil upon a large meſſage card Bed - 
in the hand, upon which a circle, ſimilarly divided, is ready 
Eng (One of three inches diameter ſeems moſt convenient.) 
The motion of the heavenly bodies in ſuch a. teleſcope. is ſo 
ſlow, and the noting down of the ſtars ſo quickly done, that 
there is moſt commonly full time for. it without moying the 
teleſcope. When that is wanted, the principal tar is eaſily 
brought back again into the centre of the field at pleaſure, . 
and the work reſumed. After a little practice, it is aſtoniſhing 
how near one can come to the truth in this way: and, though 
neither the right aſcenſions nor the declinations are laid down 


by . 


- 


by it, nor the diſtances between the ſtars meaſured; yet their 
the day and year, and hour if thought neceflary, written un- 
of that ſmall portion of the heavens ; which is eaſily revexa- 
which yet will ſhew on the firſt glance, if there ſhould have 


happened in it any variation of conſequence. It is obvious, 
that very delicate obſervations are not to be made in this way. 


-which then fronted one of my windows; and which I have fince 


à, e, J, N, 4, x, 7, g, c, and r, ſucceſſively central; together 
with one or two belonging to Bootes, for the ſake of connect- 
ing the whole together. Theſe I have transferred fince on a 


.every ſtar I could diſcern. That would diſcover ſmaller 


184 Mr. Wot.Laeron' 8 Method of deſeribing the relative 


apparent fituations being preſerved in black and white, with 


derneath, each card becomes a regiſter of the then appearance 


mined at any time with little more than a tranſient view ; and 


In order to explain my meaning more fully, a card ſo marked 
ſhall accompany this paper (ſee tab. V. fig. 1.). What I firſt hap- 
pened to pitch upon was the conſtellation of Corona Borealis, 


purſued throughout in this method; making the ſtars a, , . 


ſheet of paper, to try how well they would unite into one 
map; which they have done with very little alteration. A 
copy of that ſhall alſo be laid before this Society (fig. 2.). 
My deſign was, after marking down all ſuch ſtars as are viſi- 
ble with fo ſmall a magnifier, to go over the whole again with 
another teleſcope of a higher power, divided in the ſame way ; 
and after that, with a third and a fourth ; ſo as to comprehend 


changes: but it muſt be a work of time, if attempted at all. 
After ſuch a rough map of the conſtellation is made, the en- 
deavouring to aſcertain the right aſcenſions and declinations of 
theſe, may pechaps be adviſeable in the next place, rather than 
ſearching for more. 
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. Poſitions and Magnitudes of the Fixed Stars, &c. 185 1 
In obſerving in this way it is manifeſt, that the places of 
ſuch ſtars as happen to be under or very near any one of the 
wires, muft be more to be depended upon, than of what are in | 
the intermediate ſpaces, eſpecially if towards the edges of the | 
field: ſo alſo what are neareſt to the centre, becauſe better de- | 
fined, and more within the reach of one wire or another. For if 
this reaſon, different ſtars in the ſame ſet muſt ſucceſſively be | 
made central, or brought towards one of the wires, where any 
ſuſpicion ariſes of a miſtake, in order to approach nearer to a 
certainty : but if the ſtand of the teleſcope be tolerably well q 
adjuſted and fixed in its place, that is ſoon done. [| 
In ſuch a glaſs it is very ſeldom that light is wanting ſuffi- 
cient to diſcern the wires. When an illuminator is required, 
I find, that for this purpoſe, where you wiſh to ſee every ſmall 1 
ſtar you can, a piece of card or white paſte-board, projecting 4% 
on one fide beyond the tube, and which may. be brought for- P 
ward occaſionally, is better than one of any other kind. By 
cutting acroſs. a ſmall ſegment of the objeQ-glaſs, it throws a 
ſufficient light down the tube, though a candle is at a great 
diſtance ; and one may loſe fight of that falſe glare When one 
pleaſes, by drawing back the. head, and moving the eye a little 
fide-ways, and then one ſees the ſmaller ſtars juſt as well as if 
no illuminator were there. = 
This then is the method I would recommend to the practical 2 
aſtronomer, for becoming; acquainted with the appearance of 
the ſtars, and; fetting a watch over the heavenly motions. 
After a very. few trials, every. one would find this eaſy. And it 
each perſon of every rank among aſtronomers would take a 
conftellation or: two under his care, the numbers who could 
undertake it in this way would compenſate for the defects of 
a plan which cannot aſpire: at great accuracy. The fabour of 
Von LXXIV. . it, 
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It, even at firſt, is but little. It has coſt me more time indeed 
than I ought commonly to allot to mere amuſement ; becauſe 
I had my apparatus to contrive, and ſeveral different and fruit- 
leſs ſchemes to try, before I could ſatisfy myſelf. But a quar- 
ter, or at the moſt half, an hour 1s generally ſufficient for the 
marking of one pretty full card in this way : and when once 


the cards are marked, and a general map of the conſtellation is 


formed, a little time given to it in a fine evening, to examine 
whether the ſtars on ſuch or ſuch a card remain in their former 
poſition, 1s little trouble indeed. Perſeverance 1s moſt likely to 


be wanting, and therefore muſt be determined upon; becauſe; 


after finding things time after time juſt as they were, one's 
hopes of diſcovering any thing new will ſlacken. But the dif- 
ferent ſtate of the air, or of one's own eye, will frequently 
occaſion a freſh ſtar to become vitible, or a ſmall one which 
had been noted down to ſeem to have difappeared ; and ſuch a 
mere accident will ſerve to re-kindle the deſire of purſuing it. 
Beſides, if we obſerve no change after a tolerable interval of 


aſſiduous ſearch, we may at any time turn to another conſtel- 


lation: yet ought we never to abandon the former entirely, 


after having once publickly undertaken it, without giving no- 
tice of our ſo doing. 

In the cards or maps, it may be obferved, I have not marked 
the reſpective ſizes of the ſtars. Nor have I diſtinguiſhed them 


letters. It was becauſe I have not hitherto ſatisfied myſelf how 
to do it. Some method muſt be uſed by every one, to deſcribe 


to himſelf what he means; but, in laying any thing before the 


public, a deference ought to be paid to what has been done by 
others. The calling any ſtar by a new name would breed con- 
fuſion : : and as 1 was deſirous this ſhould appear before this 


Society 


in any way, excepting a few of them with BAxER's Greek 


- ad r Wood on 
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Poſitions and Magnitudes of the Fixed Stars, &c. 18; 
Society in its firſt rude form, that a judgement might be made 
from it how far ſuch a ſcheme would promiſe ſucceſs, I was 
unwilling to look- into catalogues or capital maps for the num- 
bers or names of the ſtars, left I ſhould be tempted to adapt 
the poſitions of what I had obſerved to what I there found ſet 
down by more able aſtronomers. Nothing, therefore, but a 
hemiſphere of SENEX has been conſulted, juſt for knowing 
how far the conſtellation 1s uſyally reckoned to extend, and 
what are BayER's references. 

Should this plan meet with approbation, I ſhall be happy to 
have propoſed it; and will endeavour to forward it in any way 
that ſhall be judged proper: or ſhould any other be preferred, 
which is within the abilities and leiſure of one who is engaged 
in another profeſſion, I ſhall be as happy to lend what aſſiſtance 
I can to it. My aim 1s only, to render ſuch obſervations as I 
am capable of making, uſeful to ſcience. 

Before I conclude on this head, give me leave to add a few 
hints. Whether this method be followed, or any other, if a 
general plan be ſet on foot, whoever undertakes a conſtellation, 
or diſtri, ſhould determine to examine it with as great accu- 
racy as he can ; yet never be aſhamed to let others know of 
his miſtakes. The error of one proves a caution to another. 
Such a rough ſketch, once made, will be found of great uſe to 
moſt of us, in knowing which ſtar next to examine with 
greater care. He who can do no more than this, will do a uſe- 
ful work by going thus far : and his frequently ſweeping over 
his diſtrict in this way, may lead him to a diſcovery which 
might eſcape a more regular aſtronomer. But whoever can, 
ought to do more. By degrees the exact poſitions of every ſtar 
he has noted down may be aſcertained, by the method practiſed 
by Mr. DE LA CAILLE in his Southern Hemiſ Phere, or by any 

B b 2 other 


- 2 
| v 5 


188 M.. WoL As rox's Method of deſcribing the relative 
other which ſhall be eſteemed more convenient. Every one, 
indeed, muſt uſe ſuch inſtruments as he can procure : but aſſi- 
duity can do more with indifferent ones, than will ever be ac- 
compliſhed with the very beſt without it. Whatever references 
are made for one's own convenience, when a map and catalogue 
are given to the public ſtock, the old letters and numbers 
ſhould be retained as far as they go: though yet notice ſhould 
be taken, where the magnitudes of the ſtars at preſent do not 
appear to NO with the order in which they have been 


laid down. 
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| 1 Joo render this more complete, it were to be wiſhed, that 
bu! each ſhould give in a copy of his original obſervations,” with an 
coll account of the inſtruments he uſed ; ſince they ought to be 
1 preſerved as data from whence his deductions were made, 
* which may then be re- examined at any future time. Yet muſt 
1 it be deſired, that no one would truſt himſelf without carry- 
5 ing on his calculations as faſt as the obſervations are made: 
1 they will otherwiſe multiply upon his hands till the labour will 
Wh. diſhearten him from attempting it at all. A heap of crude, 
| 61 : undigeſted obſervations would be an unwelcome preſent to the 
. public. 

15 Having thus ſtated this Propoſal, I ſhall leave it to be pro- 
* ceeded upon, or not, as ſhall be ſeen proper: And will now 
. only ſubjoin a Liſt of ſuch occafional obſervations as I have had 
1 opportunity of making, ſince the laſt which I communicated to 
. this Society. I find, indeed, that it is much longer than I had 


apprehended : but as I perceive ſome aſtronomers abroad have 
referred to a few of -thoſe which have been honoured with 2 
place in our Tranſactions, it may be as well to follow it. up- 


An obſervation retained among one's own private papers I hold 
to be of little uſe. 
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One thing let me deſire Foreigners to remark : that the re- 
giſters I gave of the going of my clock were meant only as 
the relations of a mere fact; that a clock, of ſuch a conſtruc- 
tion, kept or altered its rate /o or ſo. They ſeem to have un- 
derſtood it as an account of a capital clock, by valuing them- 
ſelves upon ſome of theirs going better. The time-keepers in 


moſt of our Obſervatories are far more accurate; but, excepting 


thoſe of the Royal Obſervatory at Greenwich, their accuracy 
15 not made public. 
Another remark it may aHo be proper to make; that, ſince 


my former papers, the longitude of this place has been aſcer- 
tained by comparative obſervations on the burſting of ſome 


rockets, let off on purpoſe ; which, on a mean of ſeveral, 
turns out to be 19//,02 in time E. of Greenwich ee: 
that is, it may hereafter be conſidered as 19”, inſtead of 


18 /,6 as I had before calculated it trigonometrically from the 


bearings. 
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OBſervations made at Chiſlehurſt, in Kent, longitude 19“ in, 
time Eaſt of the Royal Obſervatory at Greenwich, and lati- 


tude 51* 24 33 North. 


Eclipſe of the moon, 


F July 30, 1776: obſerved with 
a 33 feet achromatic teleſcope, and a power magnifying 


29 times (that is, a ſingle eye-glaſs belonging to the day-tube) 
the aperture of the teleſcope being reduced to 14 inches. 'The 


night very clear and ſtill. 


e time. 


B. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


, 17 


The beginning not properly obſerved. 


11 31 Grimaldus touched by the ſhadow. 
12 49 — covered. 

14 5 Galilzus covered. 
19 36 Ariſtarchus covered. 

26 o The ſpot in Kepler biſected. 

24 25 Schikardus (but 2.) touched. 
25 53 = - - - diſected. 
27 19 _- +». - _ - covered. 

28 15 Copernicus touched. 

29 49 covered. 

31 22 Helicon (but 2.) covered. 


37 9 Plato touched. 


37 54+ = covered. 
38 55 Tycho touched. 


39 39 - - biſeQed. f 
40 257 


covered. 


Manilius 


5 


My. Wort As rox's Aftronomical Obſervations. 191 
Apparent time. 


4 
1 


10 43 16 Manilius covered. 
10 46 51 Menelaus covered. 
10 48 5 Dionyſius covered. 
5 5 4 Cenſorinus covered. 
57 A point (Promontorium acutum, I believe) touched. 
o 21 A ſpot between M. Fœcunditatis and M. Ne&aris: 
touched. 
o 23 M. Criſium touched. 
55 covered. 
7 57 The eclipſe ſeemingly total. 

11 11 The moon covers a ſmall ſtar near her ſouth limb. 
The ſtar hangs on the limb, before it diſappears. 
28 17 She covers another ſtar a little ſouth of her centre. 

This vaniſhes inſtantaneouſly. 
Theſe occultations- were obſerved with another 

power of the ſame teleſcope ; which is uſually 
reckoned. 100, and which I have formerly fo 
called; but which on an accurate examination. 
really magnifies almoſt 7 5 times. 
The emerſions of theſe ſtars were not:obſerved. 

43 O judge the beginning of the emerſion to be about: 
this time ; but cannot be certain. | 
48 1 Grimaldus quitted by the ſhadow... 

58 25 Ariſtarchus quitted.. 
59. 22 Kepler biſeQed. 
o 15 Tycho begins to emerge. 
I 9 - - biſeQed.. 
1.53 - - emerges. Till this time I had uſed the 
whole aperture (3,6) Raring forgotten to reduce 
1 r it, . 
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E 3 6 51 Copernicus begins to emerge. 
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Apparent time. 214 


it, till the moon's brightneſs reminded me. Same 
power as at firſt; that is, 29. 


13 7 20 - - ſeemingly biſected. 
13 819 „ emerges. 4.) 
13-10 27 Helicon emerges. wx er 


13 15 26 Plato begins to emerge. 


13 16 31 = - emerges. 
13 21 30 Manilius emerges. W 
13 23 54 Dionyſius emerges. r AR 
13 24 57 Menelaus emerges. | 
13 29 47 Cenſorinus emerges. -: 
13 31 21 The ſpot by M. Fœcunditatis emerges. 
13 35 3! The point of Prom. Acutum emerges. 
13 37 21 Wk Criſium begins to emerge. . 
13 40 6 „ - quitted by the ſhadow... 
13 42 © The end or the eelipſe. 811771 5 5 
The air was very clear and ſtill the whole time: the 
ſhadow but ill defined. Indeed, it was little more 
than a penumbra; the principal ſpots remaining 
always viſible on the enen e WD 
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Eclipſe of the ſun 'y June 24, 1778 obſerved with A 37 feet 
achromatic teleſcope magnifying 75 times. The aperture 
reduced to two inches, to aer breaking the ſmoked 
glaſſes. 5 Hobs Ns 5 

3 41 33, 5 Beginning: ſuſpect the minute 10 be miſtaken, 
and that it ſhould be 3 h. 400 337,5- The firſt 


— impreſſion 


Mr. WoLLasToN's Aftronomical Obſervations. 193 
Apparent time. | 


7 iP 
Bh. | 


impreſſion could not be 2”; I believe nct 1”, 

before I obſerved it. 

5 25 24 End. An undulation on the ſun's limb ; but. the 
obſervation pretty good. | 


Eclipſe of the moon # November 23, 1779: obſerved with the 
ſame teleſcope, magnifying 75 times. The aperture reduced 
to, two inches. Night clear and froſty. No wind. 


The beginning not aſcertained. 
6 13 19 Grimaldus touched by the ſhadow. 
6 13 28 - covered. 

6 17 29 Ariſtarchus covered. 
6 20 46 Kepler biſected. = 
6 23 40 M. Humorum touched. | 
6 27 47 Helicon covered. - 

6 28 40 Copernicus and Timocharis both biſected. 
6 29 57 M. Humorum covered. 

6 33 50 Plato touched. 

6 34 27 = = covered. 

6 41 52 Tycho touched. 

6 43 8 - = covered. 

6 47 11 Plinius (but 2.) covered. 

6 59 1 M. Criſium touched. 

7 9.16 b eovered. 


4 7 7 31 The eclipſe total. 
3 46 23 Moon's edge begins to emerge. 
| 8 51 14 Grimaldus begins. R 
„ $52 1 - - emerges. 
ſ A haze comes on. 


Vor. LXXIV. ce oy Kepler 
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Apparent time. 


92 23:: Kepler biſected. This not e ſeen. 
9 11 41 Plato begins to emerge. 

9 12 35 = - emerges. 

9 13 46 Tycho emerged. 


Eclipſe of the ſun 3 Oct. 16, 1781 : obſerved with the ſame 


989 


20 22 13,5 The end. Good. 


Eclipſe of the Moon ; Sept. 10, 1783: obſerved with the fame 


9 33 © A duſkinefs comes on the moon. 

9 45 35 The beginning of the ſhadow, I believe. 
9 47 20 A hazineſs obſcures the moon. 

9 50 55 Ariſtarchus covered. 


9 52 20 Kepler covered. So it is ſet down; but JI do not 


* 


4 I 


/ 


The haze comes on again too much for the obſerva» 
tion to- be purſued any farther. 


teleſcope and magnifying power, 


The beginning not viſible ; ſun too low. 


7 2 


teleſcope, v2. 31 feet achromatic, with the aperture reduced 
to two inches; but with a ſmall magnifying power of 36 
times, which had made by Mr. DoLLonD for theſe obſer- 
vations, and which I found very convenient. Night a little 
hazy, but)pretty favourable. 


recollect what I meant by this; whether it might 
not be only the ſpot in the centre, fo that it 
might more properly be called biſected. 

| Gaſſendus 
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Apparent time, 


6 
9 57 57 Gaſſendus covered, I ſuſpect the minute here; and 
that it ſhould be 56' 57. 
9 59 41 Heraclides covered. 
10 1 42 Copernicus touched, 
VVV covered. 
10 3 26 Helicon covered. 
19 4 12 Bulialdus covered. 
10 8 o A hazineſs again. 
10 8,57 Plato covered. 
10 15 30 Manilius covered. 
10 15 54 Tycho touched. 
10 17 5:: - covered. This doubtful. 


10 19 10 Menelaus covered. 


c 10 21 38 Dionyſus covered. : 
d 10 22 40 Plinius covered, 
6 A hazineſs again. 


10 28 25 Cenſorinus covered. 
10 34 84.6 Crifium touched, 
Io 39 45 covered. 


10 46 34 Total r as I judged it. 
At 10 h. 4r' the moon had grown reddiſh, and the 


_ eclipſed part become more viſible than before. 
After ſome time, during the total darkneſs, the 
moon was barely to be ſeen. In general, about 
the centre, it was darker than towards the cir- 
it cumference, which was ill defined. About 
it 12 © © The eaſtern limb became more viſible, and better 


defined, 
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Apparent time. 


h 


1 


23 
25 
28 
31 
33 
37 
39 


1 


2 
21 
40 
52 
26 


36 
56 


Mr. WoLLasToN's Aſtronomical Obſervations. 


12 14 © The light ſpreads a great way over the moon from 


that fide towards the centre, extending about 
two-thirds of her circumference (ſee fig. 3.) 
o The moon ſeems beginning to emerge. 


Emerſion certainly has begun. 
Grimaldus emerged. ' 
Galileus emerged. 

Ariſtarchus emerged. 

Kepler (but 2. this as before). 
Heraclides emerged. 

Helicon emerged. 

Copernicus emerged entirely. 
Plato begins to emerge. 
- - emerges. 0 
Tycho begins to emerge. 
emerges. 

Manilius emerges. 
Menelaus emerges. 
Dionyſius emerges. 
Plinius emerges. 
Cenſorinus (but 9.) emerges. 
M. Criſium begins to emerge. 
emerges. 


1 * 


1 


„ 
4 


13 25 38 The ſhadow quits the moon near Langrenus, be- 
tween that and M. Criſium. The duſkineſs does 
not leave the moon till ſome time afterwards, but 
I did not wait to obſerve it. 3 

The moon was darker during the eclipſe than ks 
but the air was not clear enough for any occulta- 
tions of ſtars to be obſerved. \ 


Tranſit 


[nd 
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Tranfit of Mercury over the ſun's diſk # Nov. 12, 1782: ob- 


. ſerved with the ſame teleſcope, .and a power of 75 times. 
The aperture reduced to two inches. 


Apparent time. 
h. , 47 


2 1 49 Firſt impreſſion obſerved. It could not be 2” ſooner. 
2 54 57 Thread of light completed ; but ſeen through 
clouds. The planet ſeemed to hang on the ſun's 

limb 30“ at leaſt. | 
4 6 o Through a break in the clouds, of ſhort duration, 
$ ſeemed to have quitted the ſun; but indeed 


the clouds were very unfavourable the whole 
1 time. | 


Occultation of Saturn by the moon, h February 18, 1775: 
obſerved with the ſame teleſcope z and, I beheve, the ſame 
power, with the whole aperture of the object-glaſs 3,6 


inches; but, I perceive, I have not ſet down theſe parti- 
culars. 


— 


9 5 39 Præc. anſa of the ring im. 
9 6 9g Prac. limb of the planet im. 
Subſequent limb not ſet down. 
9 6 48 Subſequent.anſfa i im. 
The moon. low at theſe immerſions, and mueh un- 
dulation. The emerſions loſt by looking at a 
wrong part of the moon's diſk, except 
7 Subſequent anſa emerges. | 
Night very clear ; but the obſeryation on the whole 
imperfect. 


| Occultations 
ſit 


Mr. WoLLAasToN's Aftranomiecal Ob/eryations. 
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Occultations of ſtars by the moon: obſervad with the ſame 


- ' teleſcope, and a power of 75 times, with the whole * 
4 EL 
$ ture of the objeQ-glaſs. 
1 | Apparent time, 
1; 1775. 1 
be 4 Aug. 1. Dy Virginis 7 48 17 Both ſtars viſible when a cloud covered 
its them, - 
{WY 
ld |. 7 49,20 A ſhort break; only one ſtar viſible. | 
140 | 7 52 15 Another break; but before this the ſe- 
6 | cond ſtar was immerged. 5 
1 S8 48 58,5 Firſt & em. good. 
Mt. | 8 49 6, 5 Secoũd & em. good. 
BT; oy da bright & — 7 
wry + 7 | N of y Virginis e 54 of Wm . 
| | Em. not till the moon was too low, 
& Dec. 12. Þ Regulus 10 5 46 Em. very good, though the moon low, 
17760. on: 
© June 30. O ad 7 9 3 49 Im good; ſome flying clouds, 
10 6 38 Em,; perhaps ſooner, 
7 1777. 5 S ought 
3 h Aug. 23. ) h Ceti 10 41 17 Im. : the moon low; night clear and ſtill. 
Wh... 11 32 10 Em. „ OLEFS 2h 2 Ee - 
oor | 7 22 56 0 pretty good. 


© Nov. 16. D C Tauri 11 17 1,5 Im. good, ( Theſe were obſerved with a 
12 23 28 Em. good.4 power of 67 times, and an 


* oblique ſpeculum. 

W\-4 1783. 

an 2 May 16. D Scorpii 11 21 49 Im, \ Night clear and ſtill; the obſer- 
#1 | ; 12 31 49,5 Em. J vations good, | 

4 2 Jul 10. Ir Scorpii Im. not ſeen for clouds. 

1 | = gore i 43 56 Em.; it might be 1“ or 2“ ſooner; the 
* I. | moon's edge ill defined, | 


4 Dec. 30. 2 Piſcium 8 3 1 3 Im. dark limb, very good, 
9 8 30 Ps good. It could not be above 1“ 
ef: ſooner, if that. Night very clear and 

ſtill; hard froſt; therm. 1 3*Z 


Eclipſes 


er- 


the 
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Eclipſes of Jupiter's ſatellites : obſerved with the ſame tele- 


ſcope and power (that is, 75 times; called uſually 100) and 
whole aperture. 


+ 7 - 
2 Sept. 8. 


O Oct. I. 


| N Nov. 2. 


2. 16. 


3» Dec, 18. 


V June 11. 


15. 


Hh I 3. 


1779. 
J Mar, 9. 


h May 22. 
1781. 

A May 24. 

— 31. 

h June 16. 
1782. 

h July 20. 


Apparent time. 


1 Sat. 
I Sat, 
1 Sat, 
2 Sat. 


1 Sat. 
2 Sat. 


3 


3 Sat. 


1 Sat. 
2 Sat. 


4 Sat. 


1 Sat. 


1 Sat. 


* 


h. i 
11 33 14 Im. flying clouds; obſervation doubtful. 
11 51 1 Im. good; unleſs the minute be miſtaken. 

8 28 2 Im. good. | 

9 o 13 Im. pretty good; air clear, but a cold in my 
eyes rendered the obſervation not ſatis factory. 

10 45 48 Em. good. 
11 2 © Em. pretty good. 

7 3 48 Em. good, 

9 33 48,5 Im.; a ſcintillation for ſome ſeconds before it 

quite diſappeared. 

9 9 38 Em. good. 

10 10 + Em. ſo near the firſt ſatellite; as ſcarcely to be 
diſtinguiſhable from it for ſome minutes. 

9 52 4 Im. good for the fourth ſatellite, yet viſible by 

ts for ſome ſeconds longer. 

9 19 6 Em. pretty good, : 

6 59 19 Im.; that is, this was the-laſt of my ſeeing it; 
but, though the night was clear, the ſatellite 
was too near Jupiter for the obſervation to be 
ſatis factory. 

11 5 54 Em. good. 
10 3 31 Em. very good, 
11 57 35 Em. pretty good. 
10 13 13 Em.; clouds, but pretty good. 
9 6 42 Em. good. 
11 30 30 Em. good. 


Emerfios :: 


—_—_ — PR, 
— DAE non 
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Apparent time, 
| h. i 
© July 21. 1 Sat, 9 39 50 Emerſion; din; but good. 
A Aug. 29. 1 Sat. 8 20 15,5 Em. 
2 30. 4 Sat. 8 52 19 Em.; ſatellite ſeen then, but not diſtin for 
ſome time. | 


1783. . 

5 July 8. 1 Sat, 12 14 13 Im. pretty good. 

H Aug. 2. 1 Sat. 9 10 31,5 Em, good. 

Dae . A. 1 Sat. | 9 as £4 km 

2 Sept. 26 1 Sat. 6 19 44 Em. pretty good, but twilight ſtrong. 

4 30. 3 Sat. 10 3 24 Im. It was viſible only by fits for the laſt 3”, 

T Jupiter near a tree. 

2 Oct. 3. 1 Sat. 8 18 © Em. pretty good ; but the moon below Jupiter, 

© 26. 1 Sat, 8 39 17 Em. Jupiter low and near a tree; great undu- 
lation, 
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EXPLANATION OF THE FIGURES IN TAB. v. 


Fig. I. 4 Cor. Bor. & Aug. 6, 1783, per night-glaſs. The & marked Sept. 24. 
was not obſerved till that night, but has continued ſince, and was only 
overlooked at firſt. 

Fig. 2. A map of 10) ſtars, beſides thoſe marked by wb. in the conſtellation 
of Corona Borealis, or the Northern Crown ; together with a part 
of Bootes: laid down from obſervations made 1783 with a night- 
glaſs furniſhed with croſs-wires; as their relative poſitions were eſtimated | 

$$ by the eye. 

Wu bv g. 3. The moon as ſhe appeared (inverted) $ Sept. 10, 198 3, about a quarter 

My of an hour before ſhe began to emerge from total darkneſs, 
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ON 4 dp . my — 
together with ſuch other information as I could procureg 


5 5 — account of the two moſt remarkable of the late 
meteors is collected. I am ſenſible, that it is in many reſpects 
very imperfectʒ yer ſtill it ges a more ſatiafactoty idea gf the 
phænomena than (can: well be acquired from: the relation af any 
fingle obſervet, and. therefore may not be diſagreeable to the 
learned Society over which you ſo worthilyꝓreſide, if no hide 
perfect account ſhall previouſly have been laid befhre them. 

Theſe meteors were of the kind known tha ancients hy 
Jhe names of Amyerroddec, IT:bo:, Bolides, Faces, Globi, &c. from 
particular differences 1 in their ſhape and appearände, afid ſome⸗ 


34 / 84 s 
Tits L believe, under the h t of Co mets*; in the 
962 Ii: LTLSEP 6 WE” I 4 17 E 28 it 18 2101 Philoſophigal 


f 


ba Anz TOT den *s.rema ark, that all the comets ſeen among them dfappeared without 


ſetting, | "Aral, © 64 nal 16 Une. (Kenda) ary Pavers nPanobnas &@ Iv urig ro ze. Cel 
re (Meteor, lib, 1. c, 6. ), ſeems ſcarcely applicable e but to tranſitory me- 


4 10 Et 925 1 * 
teors; and many other, expreſhons_ to the ſame purpoſe occur in u that author, 
Yor, LX XIV, MT 'D d hy | - PLInY, 


_ i 


202 De. wen Arcount of. 


Philoſophical Tranſactions they are called indifcriininately fire» 
— or * meteors ; hes names — a ſimilar _ have 


by is A RA RE 2 
OY, * Th £ Nee 15 a 0 Mee 75 A WAY Nie 0c 1 
— e path. he ir u ape or Bee 4. 
Their Tight and colours. 5. Their beight 6. Their noiſe, 
7. Their fize. 8. Their duration. &, Their velocity. 


T ſhall begin with the firfl of tBeie ke that which was 
ſeen on the 18th of Auguſt. 


& 1. Its general appearance /in thoſe: — of Get Britain 
was that of a luminous ball, which rofein the N. N. W. nearly 


round, became elliptical and gradually aſſuthed a tall as it 
aſtundkd andiitvg certain uri of its courfe ſeemeli 16 O 
a remarkable change comparetdita burſting: aſtor ich it pr 
ceeled' no longer us an entire maſs, but was apparently. dinided 
into great number tf 4 cluſkes of balls, ſome larger than cha 


otlie ns; mid all Cunryürg: a tal or eving al trandbehind ; under 
this form ĩt dontitiuedꝭ its courſe with la nearly equable motion 


g otupping or caſting wif ſparksgand yielding a ptodigious light: 

wWhictr illuminated nl objects td a forpriting degree; till having 
paſſedithe! eaft;-aridrverging · edi ſiderablyqtꝰ the ſouthward, it 
neee and at tength:" was loft out of icht. The 
mon idol 20 1 ulbilof{ oil r 


ELN ? —_ Sig 35 himſelf, though he vonceived adh enough the difference 


be „ur comets and fiery 4B t evidently did not know where to draw the 
Tine (compare lib. . and VII. Queæſt. Natur.). ven iu mbllerd times; thebe meteors 

— tick ſpedators at firſt as comets (Fritzes Mediziniſche Annalen, vol. I. 

p. 73: * nay EX aſtrpnomers, As ap rs by. a letter from NATHANIEL Pi6oTT;. 

Eq. F. R. 8. lately rpad f. before the Royal, Society. Ses alſo Mem. de PAc. des 

vans 1 1x1 A 

Scienc, 3 771,P - 688. T haye infiſted th the more on a ſubject apparently of ſo little con- 

Din V el 

ſequence, f in . to account tor as ſtrange opinions of the ancients reſpecting 

comets, which, I think, proceeded chiefly from confounding them with theſe fiery 


meteors, | oy 


time 


iti Ac. £93 
gli af ins; appearange, was Ip h. n CFM. mean, time of the 
meridian d » London, apd..itgontigued yitible, about Half. a 
ee 23: 09 rutblod HA „ brug ni eu bes Ain 
J. Hew far horch the mętegr may haye begun, IN 
d tot dsermine with, precivon.;; b ub. 5 2 
Shetland, and at fea between. the Lewes and 475 ige df 
appeared to perſons; at Aberigen and Blair . ace 1 
frum the northward, and to an obſerver 2 mz Kab = 
like the planet Mars, there: can be, 1 NG its 4. 
commenced beyond: the fartheſt extremity of this 1 lang, : 4 
 wherg over the northern ocean, e, be F, 1 
being theu at Athol Houſe, ſaw it paſs over his heap beau I 
vertieal as he could judge, tracing it from 2855 452. of eley 
tion north-narth-weſtward to go or, 200 ſouth-1t guth =] 


where a tange of buildings intercepted 1 it from, his v VIeWs., FOR 
near the Zenith. uf Athol Houle, 1 it paſſed on alittle, welt are 
of Perth, and probably: zlatlecaſtward of Edinburgh 6. An f Fla 
tinuing its progreſs gver. the ſouth, of Scotland, an n all 
bet Nowhumberland and, fene of gin . 
ceeded almoſt, through. the middle of Vorkchire, leaving. the 
capital of that county ſomewhat to the ealtward. Hitherto its 
path was as neasly S.S.E. as can be aſcertained; but ſomewhi ele 
near the borders-of Yorkſhire, or in Lincolnſhire, it appears f 
have gradually deviated to the eaſtward, and in the courſe. of / 
chat : deviation to have ſuffered: the remarkable change already | 
noticed under the | denomination. of burſting - After 5 vir 
lion, the compact cluſter of ſmaller, meteors ſeems to 5 


9 


moved for-ſome time almoſt. F. E thus-traverfing Cambriflge- 
ſhitet andi perhaps the weſtern. confines. of R but gra- 
dually recovering its original direction, it, pro e5eded et Effex 
and the Straits of Dover, entering ihe. a 


ent prob bably x not 
+ 352 4 A(> 


K FFF f. 
ar 
8154 72 1214 3 


1 from e FE 


— — Wen bd 
Wis thought to be beftit il. After trufds it vis erat Brofibts, 
Poris, and Nvits in Burgundy *, till holding on its couriers. 
1 1 Thaver mat Witti ar intftnation; thosgh of 
Toubrful authority, that it was perceived at Rome; Our in- 
Wfmation of its progreſs over the continent i is, indeed, very 
eee atid obſcure; nevertheleſs, I think, we have ſufficient 
—— wag it traverſed in all ng or 14 degrees of Hhtitude; 'de- 
ga track of 1000 miles at leaſt ovet the ſurface of 'the 

ah; 


a length of courſe' fat exceeding the utmoſt hw has 
been hitherts aſcertained of any fimilat phænomenon. VO Ae 

rs aaduce the different accounts from wbleh this pack! is 
determined, would not only 'be inſufferably tedious, but eon; 
Yrary to the intention of this letter, which is to give à ſum - 
mary view of the whole. They are contained partly in letters, 
and baz in the different nevrs · papers of England and Seot- 
land, moſt of which have been peruſed for this purpoſe. The 
in formation derived from the news- papers, however incorrect 

in the detail, is | brought to fone degree of certainty by the 

the of com paring them with one another; and their fre- 
quent publication in moſt places of conſequence in this land; 
Procures us advantages on the occaſion of ſuch extraordinary 
phenomena, not enjoyed in former ages, nor even now, to 
the hke extent, in any other part of the world. 

It ſeems ſcarcely more intereſting to trace the path of theſe 
bodies with minute precifion, than it would be to- mark the 
progreſs of a cloud's' ſhadow upon the ground; bur it is of 
conſequence to their theory to aſcertam well the direction of 
their courſe; and their deviations from a ſtraight line, as im- 
plying ſome particular cauſe, ſhould be Wee noticed. 1 


* Journ. de Pats. Act 24, 178 3. | 
+ Paxxzx's General PIs October 7, 1783. 


have 


. 20g 
* detiation to this metept, from = 
eh$&conprrrent teſtimony of: mauy obſervete, bo ſpeak in the 
plalrieſt terms of à manifeſt change im its courſe about the 
time it was ſeem to burſt; and their evidence is confirmed by 
drawing : a line S.S. E. from that part of Scotland to which the 
meteor was vertical, for ſuch a line is fond to correſpond with 
its path as far as Yorkſhire, but in the ſouthern parts of the 
kingdom falls a great deal too muthitoithe weſtward. That it. 
afterwards reſumed its former :courfe is rendered probable from 
the teſtimony of the obſervers in Kent; whotalmoſt uniformly 
mention its diſappearance in the 8. S. E. as well as from the: re- 
marks made by ſeveral perfons near the metropolis, that when 
it attained its: greateſt ren it bore bur" one en 
to the northward of eaſt. Tre 20 vert $133 4355 
8 3. This meteor was Hoſſeribed _ wry > Gefen adi 
three different forms, and is thus repreſented by Mr.:Saxpay 
in his beautiful Drawing“; but the two firſt of thoſe do not 
imply any real variation in its ſhape, dependiag only on a dif- 
ference in the point of view. Accordingly, in the firſt part of 
its courſe over Scotland, it was ſeen to have a tail, and is thus 
deſeribed by General Murxxay when it paſſed Athol Houſe. 
Two cauſes concur in this deception ; firſt, the fore-ſhortening, 
and even occultation, of the tail, when the object is ſeen nearly 
in front; and, ſecondly; that the light of moſt part of the 
tail is of ſo inferior a kind, as to be difficultly perceived at a 
great diſtance, eſpecially: when the eye is dazzled by the overs 
powering brillianey of the body. The length and ſhape of 
the tail, however, were perpetually varying; nor did the body 
- continue” always of the ſame magnitude and figure, but was 
ſometimes round, at- other times elliptical, with a blunt or 


® d dee engraved, See alſo the figures tab, Iv. of this voluine.. 
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Cs metaors itt a8, that: they- rwe ben compares 


edtumas:; or) pyramids: of fire;!-caneta;. batrela, bottles, ſtalks, 
papér-kitzs, trumpets; tadpoles, glaſs drop, quoits,-torches 


fiuriedsr:ogpcHotians, given . to: theo hy che antienta were bare 
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+ Reſpecting; the-tails of meteors, it is hete ner ſſurà to- Gin 
guiſh between twoldifferantiparts uf whiek they conſiſt. The 
vtighieſt portion ſeatns to be of the ſatne nature as the body 
auc iinderdiam ellingation of the matter compoſing it: but the 
other, aud that; cummorily the latgeſt portion might mare 
properly be called the tra, appearing to be à matter left be: 
hind after the meteor has paſſed; it is far leſs luminous than 
tha former: pat, and oſteiſ onily ob a dul or duſky red colour. 
A fimilar. rh ub freak is net urtirtquently laft by one of tile 
common falling ſtars g eſpecial hy of: the:brighttr fort; and veſt 
tigos of ir [ſometiines; remain for ſeveral . minutes. It often 


happens that even, the: Hrge fre- baba have 110; ather tail but 
this train anli ours of the 18th of / Auguſt appeared at times to 


be iul that ſtate þ its tail 25 likewiſe: —_ by r ſedi 
ta:be fpurateo1c - 21.3 Nt ; nie on 5 2 22): L 
_ HEndeethas — n bum ſtill as Se ed 
ptoctededsregalanly ilk a certain petiody when expanding with 
a great-micreaſerof] light; it ſeparattd ihito- ai cluſter of ſmaller 
bodies:or ovals, c externded intu lata and producmy} a train 
Ac>the)ſame time: a gredt number of fparks: appeared to iſſue 
fem i in various directions, but moſtly; downward, ſame of 
vchicii were. ſo bright 2s:alfo to leavela ſmalb teams. |: Moſt fire- 
talks nde fuffered ia Huuſting on ehI¹,œ n df this kind; but 
in general, e hayt been thonght to diſappear, immediately 

dnioq 7 afterwards. 
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ange other-fimitir nexplalinntlibefiF: itvieft:obr iam a Ain 
wn fon abe Hoontötiem ant cT ha:differins; acodunts3 tefid;to 


biec-Ljincolhflaire;-ptrizmps> meat”: the! ohm radgneemenit:; of: this 
fins: Many! bbſerven/didanbF get fight::of Wfill after thus per 
riod}vand!'theitefdre never; Hleſeribg it dag Ringle bal. : Tiere 
appears th he ſommi dene tion tiriweonſequenceot which: ſpeſta 
tols ue led to believe) Alu al meteor isl &xtiſiguiſhediby theſe 
explofiods ; for the ſame qmm was formed: of this in ſeveral 
parts of it courſe; thbugil we have ſuch deciſive bvyidenamof 
us continued progreſs; whether itz be that the metears: really: 


ov merxly appear p on acdount df the greater; prrctiing light, 
fince they ate always daſtitibed as being moſt Juminaus tlie 
r an 0 - 1000 N oft 199 Sdn blub 

It is bbſęrodble that i the great change this meteuti aur 
refponds/ wilthy the period in which ar ſuſfered a —— 
Ks courfe;ctasrif there was forne connexion hetween thaſe; two 
eiroumſtances; and there are trades of ſomethingiof thefamg 


any ſort of effort, we cannot wonder thati the body hau be 


ems equally probable, that if the meteomibe forced, by any 
cauſe, to change its direction, the cunſequence ſtiould he, a 
dwiſion ot ſeparation of ita parts. 1:09 ot ; eHoj,¾˙ů-ẽsz u 


Al Nothing relative tyitheſe meteors iſtrikks tet heholdeta 
with ſv much aſtbhiſhtiment ag the exceffiver light:thoy! affedds 
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thew;>that. its fit i: ſeparaioti or burſting hippen ei- rewhere 


becotnetmure dull for à time immediate after their txplaſfian, 


kind havingi/happened0o: other meteòrs. Af the exploſion be | 


npyved by it from a ſtralght line; but om the other hand it 
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in tho durkeſt night, and larger ones ta the diſtance of many 


could make even the er moon appear to haye exceſs of red. 


Sir 5 * Bart. P. R. 8. 


mites from then eye The, illumination is aſten ſo great 28 
totally to obliterate the ſtars, to make the moon look dull, and 
even to aſſect the ſpectators like the ſon. itſelf ;i. nay, there art 
many inſtaners in which ſuch metenrt have made a ſplendid 
appearance in full fon-ſhine: - Thel colour of their light is 
various aud changeable, but genetally of la bluiſh caſt," which 
makes it appear remarkably white. A curiaus eſfrct of this 
was obſerved at Bruſſels the 18th of Auguſt, tliat whilſt the 
tneteor was paſſiug * the moon appeared! quite rd, but ſoon 
«recovered its natural light“. The: brightneſs) alone of the 
meteor is not ſafficientito explain this; for the moon does not 
appear red when ſeen by day; but ĩt muſt have depended on the 
the. contraſt of colour, and ſhews -bow large a proportion of 
blue rays enters into the coinpoſitian of tliat light, which 


Prifinatit::colouts' were: alſo uhſerved: ii the body, tail, and 
ſparks: of this meteor, variouſly: by diſferent perſons; ſome 
compared them to the hues of gems. The moment of its 
greateſt brightueſs ſeema to have been hen it ; burſt the: firſt 
time; bup it continued = to be more lumindus 2 that 
period than it was befure. vi 
The body of the fire- all, Saugen it burſt, did 3 ndt ap- 
pear vf an uniform ſubſtance dir brightheſs, but [conſiſted of 
lucid! and. dull parts, Which were perpetually changing their 
reſpective poſitions ; ſo that the whole: eſfect was to ſome eyes 
like an internal 'agitation or boiling of i the matter, and to 
others like moving chaſms or apertures; Similar expreſſions 
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have. been uſed * the deſcription of former meteors. Thie 
luminous ſubſtance was compared to burning brimſtone or ſpi- 
rits, Chineſe fire, the ſtars of a rocket, a pellucid ball or bub- 
ble of fire, liquid pearl, lightning and electrical fire; "few 
perſons fancied it to be ſolid, eſpecially when it cane near the 
zenith, Different ſpeRatots obſerved the light of the meteor 
to ſuffer at times a ſudden diminution and revival, which pro- 
duced an appearance as of ſucceſſive inflammation ; but might, 
in ſome caſes at leaſt, be owing to the  interpoſition of ſmall 
clouds in its path. 
$ 5. When, in conſequence of a mort accurate attention 
to natural philoſophy, ſuch obſervations were firſt made upon 
fire-balls as determined their height, the computers wete with 
reaſon ſurpriſed to find them moving in a region ſo far above 
that of the clouds and other familiar meteors of our atmo- 
ſphere; eſpecially as to every uninformed ſpectator they appear 

extremely near, or as if burſting over his head, a tlaturdl 
effect of their great light when ſeen without intervetiing ob 
jets. Their real height is to be collected from obſervations 
made at diſtant ftations, which, for the greateſt accuracy, 
ought to be ſo ſituated, that the line joinitig them may cut the 
path of the mieteor at right-angles, and that, at its greateſt 
elevation, it may appear frotn both of them about 45* above 
the horizon, on oppoſite fides of the zenith. Alfo two ftations 
on the ſamne ſide of its path, if the leaſt angle of elevatioi be 
not very ſmall, ard the difference between that and the greateft 
angle be confiderable, are by no means to be rejected. But 
little reliance can be placed upon obfervations of a meteor's 
altitude at any ſuppoſed period of its courſe, ſuch as the” mo- 
ment of its burſting z Woes thoſe changes are ſeldom #6 in- 
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 antaneous, or ſeen ſo much alike 0 different em as 1h 
be marked with ſufficient certainty, 5 nde 
jo Even i in proper ſtations it rarely 8 "us the angle of 
elevation can be obſerved with that degree of Accuracy, Which 
2s. neceflary for any | certain determination of the height. An 
eſtimate by the eye is ' doubtful, not only on account of the 
flattened curve the ſky ſeems to deſcribe, for, which the moſt 
experienced obſervers ſcarcely ever make a juſt allowance, but 
likewiſe of the emotion produced by ſuch an unexpected, mag- 
nificent, and perhaps alarming ſpectacle, which renders it 
almoſt impoſſible to be quite collected. Therefore, unleſs an 

28 obſervation be checked by means of a houſe, tree, or ſome 
i fixed body, along which the meteor was found to range, it 
1 muſt be received as uncertain. By night the ſtars afford ex: 
| cellent marks, eſpecially if the time be known with exactnęſs; 
the brighter meteors, indeed, render theſe faint lights inviſible 
for the moment, but here we derive an etninent advantage from 
the train, which remains after, the, meteor; is gone, and deli- 
neates perfectly its track through the heavens. If no ſuch 
marks have been. taken, the expedient of endeavouring to re: 
collect the part of the ſky where i it paſſed, and aſcertaining that 
height with a quadrant, may often be uſeful ; but there are 
many men, of ſuch. a turn of mind, that the original impreſ- 
fion made upon them will be totally perverted by their own 
ſubſequent reflexions and the remarks of others; in which caſe 
ſuch an application of inſtruments is likely to give a reſult 
farther from the truth, than their firſt immediate judgement, 
however vague and hazarded. 
I am ſorry to add, that moſt of the 3 in my pol. 
ſeſſion of the meteor which appeared the 18th of Auguſt, give 
its altitude by eſtimation . yet 1 hope their correſpondence 
I | with 
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WR one $I" will gain them i 3 o ee to s which, 
HO they would not be entitled. A Y 
1. In a letter from Perth in Scotland it is We "thint * 2 
40 aacktlenais, who. has a very good: eye, obſerved: the meteor. 
« paſs about 6* to the weſtward of the zenith; and a Pro- 
feſſor in one of the Univerſities, being at Ardoch on the banks 
af the Tweed, about two miles below Dunbarton, judged it to 
have © at leaſt 45 of elevation above the horizon.” _ Theſe 
altitudes would make its real height 57 ſtatute miles. 
2. At St. Andrew's in Scotland, it was not quite vertical, 
hut according to ſome was 20? or 25* from the zenith, ac- 
0 cording to others not ſo much.“ Taking the greateſt of 
theſe diſtances as neareſt the truth, ſince we are uſually led to 
eſtimate altitudes greater than they really are, this obſervation, 
calculated with that of Ardoch, gives 60 miles for the height. 
For the communication of theſe obſervations, collected by 
his friends, I am indebted to General MRLVILL F. R. S. 
At Edinburgh the meteor paſſed very near the zenith, in 
which caſe a deviation of a few degrees is ſcarcely perceptible 
to a common eye. 12 
The rev. Mr. WArsox of Whitby, in a letter to Lord 
MuLcxave V. P. R. S. is very confident, that the. greateſt 
altitude of the meteor, which paſſed to the weſtward of his 
zenith, was 60*. Mr. EDdGEworTH F. R. S. in his letter to you, 
Sir, ſtates its elevation at Edgeworth's-Town near Mullingar, in 
Ireland, as 10* or 12* above the eaſtern horizon. Theſe obſerva- 
tions, calculated ſtrictly from the latitudes and longitudes with 
the allowance for the curvature of the earth, as indeed were 
all the reſt where the difference would be ſenſible, give 57 
miles for the height of the meteor. 
E e 2 
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| 4. 15 the Morning Chronicle of Sept. 19./is inſerted a letter 
by from Newton Ardes, 7 miles eaſt of Belfaſt, in Ireland; cor - 
reſponding fo well with Mr. ErezworTa's in the deſeription 
af the meteor, as to appear very good authority. The altitude 
is there given as 16“, — a height of 58 miles with 8 
obſervation at Whitby. | 
5. Mr. Mons, Secretary to the Soritty foe the encourage- 
ment of Arts, Manufactures, and Commerce, ſaw the theteor 
as he was riding about three miles 8. W. of Broſeley in Shrop- 

| ſhire, and judged it to be elevated 357. By a perpendicular 
drawn from this ſpot to its ſuppoſed path 1 in an its 
height came out 59 miles. 
6. The altitude of 255 determined at Windſor I take to be 
one of thoſe on which moſt reliance can be placed, becauſe the 
| pentlemen preſent, two of them Fellows of the Royal So- 
ciety, were remarkably well qualified for ſuch an eſtimation. 
The letter you received, Sir, from Profeflor AI LAMAND of 
Leyden, mentions that the meteor was ſeen there about 30 
above the horizon, and the terms in which it is deſcribed in 
the Dutch news-papers * agree with this account. Its W 
hence calculated appears to be 58 miles. 
7. Mr. TroMas Squires, of Folkſtone, obſerved hs meteor 
over his houſe, as he was in the poſture of leaning back againſt 
a hedge; he afterwards tried «its ranging with the roof by 2 
« quadrant, and found it 68 above the horizon.” Reducing 
this obſervation to the perpendicular dropped from Windſor on 
the path of the meteor, its height' comes out 54 or 5 5 miles. 
Mr. Squise*s altitude, determined by a fixed object, is con- 
fixmed by the eſtimate of ſeveral perſons at . 


* Amſterdamiſche Courant, Aug. 28, 1783. 
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E 8. The meteor was ſeen by Mr.-STzzvexs F. R. S. at 
Hampſtead near London, moving along over the top of à row of 
trees. Mr. Cavxxpist F. R. 8. having taken the altitude of 
theſe trees with a quadrant, found that of the higheſt, as ſeen 
from the part of the garden-walk oppoſite to it, to be 3 35 ; 
which correſponds very well with the other obſervations, and 
conſequently gives the fame height for the meteor. Mr. STxe- 
vens kept his eye upon it conſtantly, whilſt he 1 briſkly 
along the walk. | 

This agreement of the different aldivades * is nearer than 
could be expected; yet I know of no contradictory obſervations. 
of any authority, except ſome made near Plymouth and in 
Cornwall, where tho meteor being pretty near the horizon, its 
altitude, as will commonly happen in ſuch caſes, is given too 
great. The effect of this, however, would be to ſhew, that 
the meteor was higher 3 and therefore, I think, we may ſafely 
conclude, that it muſt have been more than 50 miles above the | 
furface of the earth, in a region where the air is at leaſt 30000: 
times rater than here below... 
| Contrary to What has been aſſerted of moſt * fire-balls, 
this of the 18th of Auguſt appears by the preceding obſerva- 
tions to have kept on in a parallel courſe, without any deſcent: | 
or approach toward the earth. Ft may be much queſtioned, 
whether ſuch a deſcent has been proved in any former inſtance. 
The meteor deſcribed by Sir JohN PnIxOI E has been cited as 
the moſt certain example; but any perſon who carefully exa- 
mines the obſervations themſelves, as ſtated in the 51ſt volume 
of the Philoſophical Tranfactions, will find them totally in- 
adequate for ſuch a conetaſion ; its height ſeems to me deter- 


| mined. only in one part of its m, between Iſland-Bridge 
and. 
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and Aneram, and was there from 48 to 50 miles“. M. Lx 
Roy ſuppoſes the fire - ball feen July 17, 1771, to have been 
54 miles high when it began, and 27 at its exploſion 43 but 
does not give the facts on which his calculation is founded. me 
Every philoſopher muſt be ſtruck with the agreement of 
theſe meteors in their diſtance from the earth, Juſt n the 
limits of our crepuſcular atmoſphere. 
856. That a report was heard ſome time after the meteor of 
the 18th of Auguſt had diſappeared, is a fact which reſts 
upon the teſtimony of too many witneſſes to be controverted, 
and is, beſides, conformable. to what has been obſerved i in moſt 
other inſtances. In general it was compared to the falling of 
ſome heavy body in a room above ſtairs, or to the diſcharge of 
one or more large cannon at a diſtance. That rattling noiſe, 
like a volley of ſmall arms, which has been remarked after 
other metcors, does not ſeem to have been heard on this occa- 
fion. From a compariſon of the different accounts, it appears 
as if the repert was loudeſt in Lincolnſhire and the adjacent 
countries, and again in the eaſtern parts of Kent; in the inter- 
mediate places it was ſo.indiſtin& as generally not to have been 
noticed, and all obſervers of credit in Scotland deny that they 
heard any thing of the ſort. If, therefore, this report be connected 
with the burſting of the meteor, I ſhould be inclined to ſuppoſe, 
that ſound was produced two ſeparate times, namely at the firſt 
exploſion over Lincolnſhire, and again when it ſeemed to burſt 
ſoon after entering the continent. Ingenious men have availed 
themſelves of this ſound, to calgulate the diſtance and height 
of meteors; and the exactneſs attained by this method, in the 
computation of the late fire-ball from the report heard at 


* Phil. Tranf, vol. LI. p. 241. and 274. 
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Windfor “, is very remarkable; but in i the accounts diſ- 
| agreed ſo much, that it would have been impoſſible to conclude _ 
any thing from them. Perhaps too the method. itielf is leſs 
certain than has been thought; for as the propagation of ſound, 
and with intenſity too, in air rarefied g3oooo times, preſents 
great difficulties in theory, though it may be in ſome meaſure. 
explicable from the vaſt bulk of the meteor, and the. large 
quantity of this rare air it may therefore diſplace by a ſuddew 
expanſion ; I think it not improbable, that ſome hitherto un- 
perceived circumſtance comes into play, by which the whole 
effect may be modified: for inſtance, if matter belonging to- 
the meteor itſelf be what conveys the ſound to our lower atmo- 
ſphere, it may either admit ſound to be propagated through it 
at a different rate than through common air, or it may move 
much faſter than ſound travels, as the entire meteor certainly 
does, and carry on the ſonorific vibrations with it. Moreover, 
we cannot be ſure what is the velocity of ſound in air. ſo much 
rarer than where our experiments have been made. For theſe 
reaſons, while we diſtruſt calculations of meteors founded · on- 
the progreſs of ſound, we ſhould be particularly careful to note 
down. the intervals, and all the circumſtances, as they may lead, 
to very curious diſcoveries. The effect of the noiſe is, fre- / 


quently, to produce ſuch a ſhaking of the doors, windows, and: 
the whole houſe, as is miſtaken for an earthquake. | 

Beſides the report as of exploſions which was heard after the: 
meteor, another ſort of ſound: was ſaid to attend it, more; 
doubtful in its nature, and leſs eſtabliſhed by evidence ; I mean,, 
a kind of hiſſing, whizzing, or cgackling, as it paſſed along. 
That ſound ſhould be conveyed to us in an inſtant from a body 
above 50 miles diſtant, appears ſo irreconcilable to all we 
know of ne. that perhaps we ſhould be juſtified i in. 


* See p. 111. of this volume. 
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Imputing the whole to an affrighted imagination, or an iltufion. 
. produced by the fancied analogy of fireworks. The teſtimony 
in ſupport of it is, however, fo conſiderable, on the occaſion 
of this as well as former meteors, that I cannot venture to 
reje& it, however improbable it may be thought, but would 
_ it as a point to be Cleared up by future obſervers, | 
587. To determine the bulk of the fire-ball, we muſt not 
only have calculated its diſtance, but alſo know the angle un- 
der which it appeared. For this purpoſe the moon is the uſual 
term of compariſon ; but as it was thought, at very different 
diſtances, to preſent a diſk equal to that luminary's, and the 
fame expreflions have been applied to moſt preceding fire-balls, I 
conceive this eſtimation rather to be a general effect of the 
ſtrong impreſſion produced by ſuch ſplendid objects on the 
mind, than to convey any determinate idea of their ſize. How- 
ever, if we ſuppoſe its tranſverſe diameter to have ſubtended 
an angle of 30“ when it paſſed over the zenith, which probably 
18 not very wide of the truth, and that it was 50 miles high, 
it muſt have been almoſt half a mile acroſs. The tail ſome- 
times appeared 10 or 12 times longer than the body; but moſt | 
of this was train, and the real elongation behind ſeems feldom 
to have exceeded twice or thrice its tratiſverſe diameter, eon- 
ſequently was between one and two miles long. Now if the 
cubical contents be confidered; for it appeared equally round 
and full in all directions, ſuch an enormous maſs, moving 
with extreme velocity, affords juſt' matter of aſtoniſhment. 
588. The duration of the meteor is very differently ſtated, 
partly becauſe forne obſervers had it in view a much longer 
time than others, and partly becauſe they formed different 
judgements of the time. Thoſe who faw leaſt of it ſeem to 
Have pereeived ies inumination about ten ſeconds, and thoſe 


who 
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who ſaw moſt of it about a minute: hence the various ac- 
counts may in ſome meaſure be reconciled. Mr. Herxscner 
F. R. S. at Windfor, muſt have kept it in fight long after other 
obſervers had thought it extinct: for though, probably, he 
did not ſee the beginning, as it never appeared to him like a. 
ſingle ball, he watched it as much as ( forty or forty- five © 
4 ſeconds, the laſt twenty or twenty-five of which it remained 
e almoſt in one ſituation, within a few degrees of the hori- 
4 zon.”” This confirms the foreign accounts of its 5 long pro- 
greſs to the ſouthward. 
As ſcarcely any one had ſufficient preſence of mind to mi- 
nute the time by his watch, the periods given for its duration 
are moſtly by gueſs. To correct this rude conjecture, it has 
been propoſed, that the obſerver ſhould endeavour to paſs over 
the time in his own mind as well as he can by recollection, 
whilſt another perſon ſilently marks the ſeconds with a watch. 
This may do ſomething, but ſtill leaves the matter very uncer- 
tain, as the nature of the emotion felt by the ſpectator while it 
was paſſing will cauſe the impreſſion of a longer or ſhorter 
time to- be left upon his mind; and the formal proceſs of re- 
collection is ſo tedious, that I believe the duration will in this 
way generally be made too ſhort. Mr. Herxscuszr, at my 
requeſt, was ſo good as to act over his obſervation, with the 
poſitions and geſtures he was obliged to employ ; and this feems 
likely to come nearer the truth than a ſimple effort of the mind 
at recollection. But the ſureſt method would be, to repeat 
any uniform action in which the ſpectator might have been 
engaged at the time; as, for inſtance, to walk over the fame 
ſpace of ground that he paſſed while the meteor was in fight. 
$ 9. From the apparent motion of the meteor, compared with 
its height, ſome computation may be formed of its aſtoniſhing 
Vor, LXXIV. F f velocity. 
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velocity: * As at the height. of go miles abqve,, the. ſurface, ws 
the earth, -it might; be viſihle from the fame. ſtajipn, for a tract 
| of more than $299 miles, and the: longeſt continuance of; ity - 
illpmination ſcarcely | exceeded a minute, we have hence ſome. 
preſumption. that it moved not leſs than 20 miles in à ſecond, 
The rey. Mr. Warsox, in his letter to Lord MuLcrave, 
ſays, that the arc deſcribed by it wobjlt in His view could not be 
le efs than 70? or 80⁵ , and yet the time could not exceed, 4 or 5 at. 
moſt... This, with an altitude of 60*, and height of 50 miles, 
gives for its velocity about 21 miles 1 1 a ſecond, The obſerver. 
at Newton Ardes eſtimated its motion to be 10? in a ſecond, at 
< a altitude of 162; this would make its velocity 30 miles in a. 
ſecond, Mr. Hz RScCHEL. found it deſcribe an arch of 167 
during the 40 or 45 ſeconds he obſerved it, which gives a velo- 
city of more than 20 miles in a ſecond., Finally, Mr., 
ö AvBERT F. R. 8. thought it deſcribed an arnd of 136? of axi- 
muth in 10 or 12 ſeconds, which would make its velocity above 
40 miles in a ſecond. I am ſenſible of the objections that may 
be made to all theſe computations ; undoubtedly they are too, 
vague; and yet, all taken together, perhaps they may have 
ſome weight, eſpecially as they correſpond ſo well with the, 
different phenomena of the meteor's duration, and other, fire- 
balls have been computed to move as faſt . Stating the velo- 
city at the loweſt computation of 20 miles a ſecond, it exceeds - 
that of ſound above go times, and begins to approach toward 
that of the earth in her annual orbit. At ſuch a rate, it muſt 
have paſſed over the whole iſland of Great Britain in leſs than 
half a e, and might have reached Rome within a minute 


* See Mem. de VAcad. des Scienc, $771, Pe 678. Phil, rand. N 207 and 
360. and vol. LI. p. 26 3, Kc. 
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afterwards; or in ſve minutes have traverſed the whole dia- 
meter of tho varch! a1 biivat 1 g ug e 19 05 
From this a it will be evident, that Fwy is little 
elance of determining the velocity of meteors from the times of 
their paſſing the zenith of different places; and that therefore we ; 


muſt. principally depend on obſerving carefully, with a watch 


that ſhews . their q—_m— velocity through the heavens. 
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"ug fire-balt which appeared wade 4th of October, 6 * 


paſt fix in the evening, was much ſmaller than that already de- 


ſcribed, and of, much ſhorter duration. It was firſt perceived 
to the northward as a ſtream of fire, like the common ſhooting 
ſtars, but large; and having proceeded ſome way under this 
form, it ſuddenly, burſt out into that intenſely bright bluiſh 
hight, which, is peculiar to ſuch meteors. At this period 1 ſave 


it, and can compare the colour to nothing I am acqyainted 


with ſo well, as to the blue. lights of India, and ſome of the 
largeſt electrical ſparks. The illumination was very great; 
and on that part of its courſe ycherg it had been fo bright, a 
duſky red ſtreak or train was left, which remained viſible per- 
haps a minute even with a candle in the room, and was thought 
by ſome gradually to change its form. Except this train, I 
think the meteox had no tail, but was nearly a round body, 
or perhaps a little elliptical. After moving not leſs than 10? 
in this bright ſtate, it became ſuddenly extinct, without any 
appearance of burſting or exploſion. - * © | 

This meteor was ſeen, for ſo ſhort a way, that it 1s ; ſcarcely 
goſſible to determine the direction of its courſe with accuracy; 
but as in proceeding to the eaſtward it very perceptibly inclined 
towards the horizon, it certainly moved ſomewhere from the 


north-weſtward to the ſouth- eaſtward. Its duration was 1a 


F f 2 ſhort, 
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ſhort, that many perſons thought i it paſſed i in an oppoſite diree- 
tion; for my own part, I found myſelf abſolutely unable tg 
determine whether the motion was from or toward the S.E; 
-Some ſpectators were of opinion, that it changed its courſe the 
moment it became bright, proceeding no longer in the ſame 
ſtraight line; but my information 1s net ſufficient to determine 
this queſtion. 
My ſituation, Sir, was particularly fortunate for aſcertaining 
the height of this meteor, as I faw it from your Library, 
ranging immediately over the oppoſite roof of your houſe. 
Hence I find by a quadrant that its altitude, even when it be- 
came extinct, could not be leſs than 32% The upper northern- 
moſt end of the train it left bore, as I judge by the compaſs, 
about 28 northward of true E. and the lower end about 14. 
I have only one obſervation to compare with this, which was 
made by Mr. Boys of Sandwich. He concludes, from the 
train I imagine, that it diſappeared juſt under, and a very 
« little to the. weſtward” (rather northward) of, the tar 
& yin the foot of Cepheus. At that time y Cephei was about 
57* high, and bore above 21* to the eaſtward of N. whence the 
height of the meteor above the ſurface of the earth, after all 
proper allowances are made *, muſt have been between 40 and 
50 miles. 
As there was no appearance of burſting at the extinction of 
this fire - ball, ſo no report was heard after it ; nor did any ſound 
attend it. 
Some obſervers thought 755 meteor alſo near as big as the 
moon, but to me it did not appear above one quarter of her dia- 
meter, which would make its breadth ſomewhat above a furlong- 


* It appears from obſervations taken by Gen. Roy, F. R. 8. that the bearing 
of Sandwich from London is not ſo much to the ſouthward of eaſt, as it is laid 
down in our. maps. 


If 


ing to Mr. AuBerT's obſervation, of 25* in 3“, its real velo- 


| ſort of tremulous appearance has been noticed in other me- 
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If the whole of the meteor's track be included, it ſeems to 
have laſted as much as three ſeconds, but in the bright ſtate. 
its duration was leſs than two, I think not much above due. 
Suppoſing it deſcribed an arc of 14* in 1} nd. or, accord- 


city was about 12 miles a ſecond. | 

Such meteors as theſe, which paſs like a flaſh of lightning, 
and deſcribe ſo ſhort a courſe, are very unfavourable for calcu- 
lating the velocity, but afford great advantages for determining 
the height, as they. muſt be feen. nearly at the ſame moment. 
and in the ſame place by the different obſervers. Other in- 
ſtances are found of fire- balls beginning with a dull red light 
like a falling ſtar, particularly the great one of March 19, 


1719, treated of ſo fully by Dr. HALLEZT * and Mr. Wars- 


TON . | 

It is remarkable, that a ſimilar meteor had appeared the 
fame day, that is, Saturday the 4th of October, about three 
in the morning, though, on. account of the early hour, it was 
ſeen by fewer ſpectators. They repreſent it as riſing from. the 
northward. to a ſmall. altitude, and then becoming ſtationary 
with a vibratory motion, and. an illumination like day-light; | 
it waniſhed in a few moments, leaving a train behind. This. 


teors, as well as their continuing ſtationary for ſome time, 
either before they began to ſhoot forward, or after their courſe: 
was ended. 


} 


* Phil; Tranſ. vol. XXX. Ne 350. p. 978. 
1 Account of a ſurpriſing meteor ſeen March 19, 1719, 
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reſlaxions about the cauſe, that can be capable of producing 
: ſuch appearances: at ah elevatidn.above the- earth, where, if the 
atmoſphere cannot abſolutely be ſaid to have ceaſed, it is cer- 
rainly to be eonſidered as next to nothing. The firſt idea which 
ſuggeſted itſelf, that they were burning bodies projected with 
ſuch à velocity, was quickly abandoned, from the want of 
any known power to raiſe them up to that great height, or, if 
there, to give them the required impetus; and the ingenuity 
ef Df Harrty ſoon furniſhed him with another hypotheſis, 
mn which he thought both theſe difficulties obviated. He ſup- 
pofes there is no projection of 4 ſingle body in the caſe; but that 
a train of combuſtible vapours, accumulated in thoſe lofty regions, 
is ſuddenly ſer on fire, whence all the phænomena are produced 
by the ſucceſſive inflammation *, But Dr. HALLE x gives no juſt 
&xplanation| of the nature of theſs vapours, nor of the manher 
iy which they ean be raiſed' up through air ſo extremely rare; 
nor, ſuppoſing them fo raifed; does he account for their regu- 
lar arrangement in a ſetaight and equable line of ſueh prodi- 
gious extent, or for their continuing to burn in ſuch highly 
rarefied air. Iiideed, it is very difficult to conceive, how! va- 
pours could be prevented, in khoſe regions where there is in! a 
manner no prefſure, from ſpreading out on all fides in conſe- 
quence of their natural elaſticity; and inſtantly lofing that de- 
gree of denfity Which ſeems neceffary for! 6 lgrriearion, Be- 
ſides, it is to be expected, that ſuch trains would ſometimes 
take fire in the middle, and ſo preſent the phnemenon of two 
meteors at the ſame time, receding from one another in a 
direct line. 
Theſe difficulties have induced other philoſophers to relin- 
uh. Dr. HALLEY's hypotheſis, and propoſe, inſtead of it, 
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2 of a very dppoſite nature; that meteors are — * 
bodies, Bot raiſed: up from the earth, but-revolving 1 mound. ir in 
very eccenitric orbits; or, in other Words, that they are ter- 
teſtrial comets . The objections to this opinion, however, 
ſeem to me equally great. Moſt obſervers deſcribe the meteors,” 
not as looking like ſolid bodies, but rather like a fine luminous 
matter, perpetually changing its ſhape and appearance. Of 
this many defenders of the opinion are ſo ſenſible, that they \: 
ſuppoſe the revolving body gets a coat or atmoſphere of elec- 
tricity, by means of which it becomes luminous; but, I. 
think, whoever carefully peruſes the various accounts af fire- 
balls, and eſpecially ours of the 18th of Auguſt when it di- 
vided, will perceive that their phænomena do not correſpond / 
with the idea of a ſolid nucleus enveloped in a ſubtile fluid, 
auy more than with the conjecture of another learned gentle - 
man, that they become luminous by means of a contained 
fluid, which occaſionally IO — 2 thick old outer 
ſhell T. 

A ſtrong objection to /this bypothifis of n neee 

bodies, is derived from the great number of them there muſt 

be to anſwer all the appearances. Such a regular gradation is 
obſerved, from thoſe large meteors which ſtrike all beholders 
with aſtoniſhment, and occur but rarely, down to the minute 
fires called ' ſhooting ſtars, which are {cen without being re- 
garded in great numbers every clear night, that it feems impof- 
ible to draw any line of diſtinction between them, or deny 
that they are all of the-ſame nature. But ſuch a crowd of re- 

volving bodies could ſcarcely fail to announce their exiſtence by 
lome other means than merely a luminous: tram in the night; | 


* See a diflertation on this ſubject by Profeſſor CLar, of Tau College, New 
England, 


T Phil, Tranſ. vol. LI, Po 207. 
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as, for inſtance, by meeting or juſtling ſometimes near the 
earth, 'or by falling to the earth in conſequence of various ac- 
' cidents; at leaſt we might expect they would be ſeen in the 
 day-time, either with the naked eye of teleſcopes, by ſome of 
the numerous obſervers who are conſtantly examining the hea- 
vens. With regard to theſe falling ſtars, it were much to be 
wiſhed, that obſervations ſhould be made upon them by dif- 
ferent perſons in concert at diſtant ſtations, for the purpoſe of 
aſcertaining their height and velocity; which would tend very 
much to illuſtrate all this part of meteorology. 

Another argument of great weight againſt the hypotheſis 

that fire-balls are terreſtrial comets, is taken from their great 
velocity. A body falling from infinite ſpace toward the earth, 
would have acquired a velocity of no more than 7 miles a ſe- 
cond, when it came within 50 miles of the earth's ſurface ; 
whereas theſe meteors ſeem to move at leaſt three times faſter. 
And this objection, if there be no miſtake in regard to the ve · 
locity of the meteors, as I think there is not, abſolutely over- 
ſets the whole hypotheſis. 
What then can theſe meteors be? The only agent in nature 
with which we are acquainted, that ſeems capable of producing 
ſuch phænomena, is electricity. I do not mean that by what 
is already known of that fluid, all the difficulties relative to 
meteors can be ſolved, as the laws, by which its motions on a 
large ſcale are regulated in thoſe regions ſo nearly empty of air, 
can ſcarcely, I imagine, be inveſtigated in our ſmall experi- 
ments with exhauſted veſſels * ; but only that ſeveral of the facts 
point out a near connexion and analogy with electricity, and 
that none of them are irreconcilable to the diſcovered laws of 
that fluid. 


* How nearly the phænomena of meteors have been repreſented by artificial 
electricity is known from a very remarkable Wen of Mr. An DbEx's. Sce 


P TLFY, vol. V. p. 379. 
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1. Electricity moves with ſuch a prodigious velocity, as to 
elude all the attempts hitherto made by philoſophers to detect 
it; but the ſwiftneſs of meteors, ſtating it at 20, miles a ſe- 
cond, is ſuch as no experiments yet contrived could have dif- 
covered, and which ſeems to belong to electricity alone. This 
is, perhaps, the only. caſe in which the courſe or direction of 
that fluid 1s rendered- perceptible to our ſenſes, in conſequence 


of the large ſcale on which theſe fire-balls move. 


2. Various electrical phænomena have been ſeen attending 
meteors. Lambent flames are deſcribed as ſettling upon men, 
horſes, and other objects “; and ſparks coming from them, or 
the whole meteor itſelf, it is ſaid, have damaged ſhips, houſes, 
&c. in the manner of lightning +. Theſe facts, I muſt own, 
are but obſcurely related, yet ſtill they do not ſeem to be deſti- 
tute of foundation. If there be really any hiſſing noiſe heard 
while meteors are paſſing, it ſeems explicable on no other ſup- 
poſition than that of ſtreams of electric matter iſſuing from 
them, and reaching the earth with a velocity equal to that of 
the meteor, namely, in two or three ſeconds. Accordingly, 
in one of our late meteors, the hiſſing was compared to that of 
. * r a area The ſparks flying off ſo 


perpetually _ 


* PrresTLEY's Hiſtory of Electricity, p. 352. Mem, de PAcad, des Scienc. 
1771, p. 681, 682. See an odd fact, perhaps of this nature, in PARK ER's 
General Advertiſer, Dec. I, 1783. 

- + Mem. anc. de PAcad. de Dijon, tom. I. Hiſt, p. 42. Phil. Tranſ. vol. 


XVI. p. 366. Hiſt, de l' Acad. des Scienc. 1761, p. 28. 


t Cheſter Weekly Courant, Auguſt 26, 1783. This and many other cu- 
rious circumſtances, relative to meteors, are ſo well exemplified in the follow- 
ing obſervation, made ſeveral years ago by Mr. Ropinsox at Hinckley in Lei- 
ceſterſhire, that I think it worth tranſcribing here, eſpecially as it occurs in a 
work which few. people would think of conſulting on ſuch a ſubject. Oct. 26, 
„1766, at half paſt five in the evening, after a violent ſtorm of wind and rain, 
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perpetually from the body of fire-balls, may poſſibly have fame 
connexion with theſe ſtreams . In the ſame manner the ſound 
of exploſions may perhaps be brought to us quicker, than if it 
were propagated -through the whole diſtance by air alone. 
Should theſe ideas be well founded, the change of direction 
which meteors ſeem at times to undergo, may poſſibly be in- 
fluenced by the ſtate of the ſurface of the earth over which 


„I obſerved a fiery meteor. Its direction was from N. W. to 8. E. nearly in a 
% horizontal direction; it paſſed very near to me, and was of an elliptical form; 
its motion about 40 in 2” or 3” of time. It was very bright and lucid to 
„appearance like the paleſt lightning, and emitted ſparks continually, which 
« formed a kind of taibtoward the N. W. which ſeemed to be extinguiſhed: at the 
e diſtance of 2* or 3 from the body; there was a ſmall portion that parted from 


« it. The coheſion of matter was ſo great, that it drew a thread of conſiderable 
4 


length from the body, before it broke from it. During the paſſage there was a 


4. 


kind of hiſſing noiſe, much like to what we hear from the eleftrical machine 
«© when the electric matter is running away, or. as when. it is eſcaping from a full 
« charged jar.” Bibliotheca Topographica Britannica, Ne VII. p. gB 9. 

# Hiſt, de VAcad. des Scienc. 1761, p, 28. Mem, de PAcad, des Scienc, 
1771, p. 682. Extract of a letter from the Abbe Manx, Director of the 
Academy at Bruſſels, to Sir Josxyn Baxxs, Bart. P. R. S. 1 ſhall only men- 
« tion one fingular circumſtance, which was communieated to me by a particular 
*© friend” of mine. It happened at Mariekercke, a ſmall village ou 'the: coaſt 
* about half a league to the W. of Oſtend. The curate of the village was 
6 ſitting in the duſk of the evening with a friend, when a ſudden light ſurpriſed 
e them, and immediately after a ſmall ball of light-coloured flame came through 
«© broken pane of glaſs, crofſed the room where they were fitting, and fixed 
<« itſelf on the chink of a door oppoſite to the window where it entered, and 
% there died gradually away, It appeared to be a. kind of phoſphoric light, 
& carried along by the current of air. The curate and his friend, greatly ſurpriſed at 
1% what they ſaw, apprehended fire in the neighbourhood 3 butYoing out, found 


that the fire, which had come in through the window, had been detached from 2 


large meteor in its paſſage,” 
How far theſe and fimilar appearances may be owing ſimply to the illumina» 


tion produced by meteors, ſhould be n conſidered in the inveſtigation 
of ſuch facts. 


1 


they 


they are paſting, and to which the ſtreams are ſuppoſed to 
reach. A ſimilar cauſe may occaſion the apparent exploſion, 
the opening of more channels giving new vent and motion to 
the electric fluid. May not the deviation and exploſion which 
appear to have taken place in the fire-ball of the 18th of Au- 
guſt over Lincolnſhire, have been determined by its approach 
toward the fens, and an attraction produced by that large body 
of moiſture ? : | 
3. A further argument for the electric origin of meteors is 
deduced from their connexion with the northern lights, and 
the reſemblance they bear to theſe electrical phenomena, as 
they are now almoſt univerſally allowed to be, in ſeveral par- 
ticulars. Inſtances are recorded, where northern lights have 
been ſeen to join and form luminous balls, darting about with 
great velocity, and even leaving a train behind like the com- 
mon fire-balls . I his train I take to be nothing but the rare 
air left in ſuch a highly. electrified ſtate as to be luminous; 
and ſome ſtreams of the northern lights are very much like it. 
| The aurora borealis appears to occupy as high, if not a higher, 
region above the ſurface of the earth, as may be judged from 
the very diſtant countries to which is has been viſible at the 
ſame time ; indeed the great accumulation of electric matter 
ſeems to lie beyond the verge of our atmoſphere, as eſti- 


mated by the ceflation of twilight. Alſo with the northern 
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* Hiſt. de l' Acad. des Science. 1705, p. 35. Wuts rox's Account of a 
Meteor ſeen in the Air 1713. Phil. Tranſ. vol. XLI. p. 626; and LIII. p. 6? 
Alſo a moſt pointed fact in the Act. Liter. Sueciæ, 1734, p- 78. 

+ BExGMAN, upon a mean of 30 computations, makes the average height of 
the northern lights to be near 70 Swediſh, that is, about 460 Engliſh miles. 
Kong, Vetenſk. Acad. Handlingar, vol. XXV. p. 193. See alſo Phil. Nn 
vol. LIV. p. 327. and M. ps Marzan's Traite de PAurore Boreale, p. 51. 
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lights a hiſſing noiſe is ſaid to be heard in ſome very cold eli: 
mates; GMEL IN ſpeaks of it in the moſt pointed terms, as 


frequent and very loud in the north-eaſtern parts of Siberia *; 
and other travellers have related ſimilar facts +. 


But; 


* Reiſe durch Siberien, vol. III. p. 135. As the whole paſſage is very 
remarkable, and has never, that I know, appeared in Engliſh, I thought the 
following tranſlation of it might be acceptable. 

© Theſe northern lights begin with ſingle bright pillars, rifing in the N. and 
«<< almoſt at the ſame time in the N. E. which gradually increafing comprehend a 
„large ſpace of the heavens, ruſh about from place to place with incredible velo- 
"20 city, and finally almoſt cover the whole ſky up to the zenith. The ſtreams are 
«© then ſeen meeting together in the zenith, and produce an appearance as if a 
% yaſt tent was expanded in the heavens, glittering with gold, rubies, and ſap- 
« phire. A more beautiful ſpectacle cannot be painted; but whoever ſhould ſee 
* ſuch a northern light for the firſt time, could. not behold it without terror. 
% For however fine the illumination may be, it is attended, as I have learned from 
e the relation of many perſons, with ſuch a hiſſing, cracking, and ruſhing noiſe 
« throughout the air, as if the largeſt fire - works were playing off. To deſcribe 
*© what they then hear, they make uſe of the expreſſion, Spolochi chodiat, that is, 
i the raging hoſt is paſſing. The hunters who purſue the white and blue foxes 
« in the confines of the Icy Sea, are often overtaken in their courſe by theſe 
„ northern lights. Their dogs are then ſo much frightened, that they will not 
* move, but lie obſtinately on the ground till the noiſe has paſſed. Commonly 
„ clear and-calm weather follows this kind of northern lights. I have heard this 
account, not from one perſon only, but confirmed by the uniform teſtimony 
6 + of many, 'who have ſpent part of ſeveral years in theſe very northern regions, 
e and inhabited different countries from the Yeniſei to the Lena; ſo that no 
© doubt of its truth can remain. This ſeems indeed to be the real birth-place 
« of the aurora borealis,” ; 

It is here to be obſerved, that GmELix did not collect the account himſelf, but 
extracted it from letters or papers of M. DE L'IsLE DE La CrovyEre's, who was 
himfelf far to the northward of Yakutſk, without hearing theſe noifes ; probably, 
therefore, it is much exaggerated, though one can ſcarcely ſuppoſe the whole 
to be fabulous. } | 
+ Muſſchenbroeck Introduct. $ 2495. Beccaria dell Elletriciſmo artif. et nat. 
2 p · 221. 
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But, i m my opinion, the moſt renikable! analogy of all, 
124 that which tends moſt to elucidate the origin of theſe me- 

teors, is the direction of their courſe, which ſeems, in the 
very large ones at leaſt, to be conſtantly from or toward the 
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north or north-weſt quarter of the heavens, and indeed to ap- 


proach very nearly to the preſent magnetical meridian. This 
is particularly obſervable in thoſe meteors of late years whoſe 
tracks have been aſcertained with moſt exactneſs; as that of 
November 26, 1758, deſcribed by Sir JohN PRINGLE; that 
of July 17, 1771, treated of by M. LE Roy; and this of 
the 18th of laſt Auguſt. . The largeſt proportion of the other 
accounts of meteors confirm the ſame obſervation, even thoſe 
of a more early period *“; nay, I think, ſome traces of it are 

per- 


p. 221. There is now working with Mr. NaIXXE F. R. S8. a perſon of the 
name of An NOT D, who reſided ſeven years at Hudſon's Bay, the laſt three at 
Fort Healey. He confirms M. GukLIx's account of the fine appearance and 
brilliant colours of the northern lights, and particularly of their ruſhing noiſe, 
which he affirms he has very frequently heard, and compares it to the found pro- 
duced by whirling round a ftick ſwiftly at the end of a ſtring. He adds, that on 
converfing about this matter with a Swediſh watch-maker of the name of LIN p, 
that perſon aſſured him, that he had heard a ſimilar noiſe in his own country. 
Mr. Nalxxz too, one time, at Northampton, when the northern lights were 
remarkably bright, is confident he perceived a hiſſing or whizzing ſound, 

This hiſſing or ruſhing noiſe, as well as that attending meteors in their paſſage, 
ſuppoſing it in both caſes to be real, I would attribute to ſmall ſtreams of electrie 


matter, running off to the earth from the great maſſes or accumulations of elec- 


tricity, by which I ſuppoſe both meteors and the northern lights to be Perron 
Compare M. pz Malz an's Traite de PAurore Boreale, p. 126. 

* See Phil. Tranſ. and Mem. de Acad. des Sciences, &c. I have found, of 
an earlier or later period, accounts of more than 40 different fire-balls. Of 
theſe above 20 are fo deſcribed, that it is certain their courſe was in the above - 
mentioned direction; only 3 or 4 ſeem to have moved the contrary way; and with 


| regard to the remainder, it is left doubtful, from the imperfect ſtate of the rela- 


tions. 


% 
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— in the writings of the ancients . Whether their 
motion ſhall be from the northern quarter of the heavens or 
toward it, ſeems nearly indifferent, as the numbers of thoſe 
going each way are not very unequal; I conſider them, in the 
former caſe, as maſſes of the electric Auid repelled, or burſting 
from the great collected body of it in the north; and, in the 
latter caſe, as maſſes attracted toward that accumulation; a 
diſtinction, probably, much the ſame in effect, as that of poſi- 
tive and negative electricity near the ſurface of the earth. 
This tendency toward the magnetic meridian, however, 
ſeems to hold good only with regard to the largeſt ſort of fire- 
balls; the ſmaller ones move more irregularly, perhaps becauſe 
they come further within the verge of our atmoſphere, and 
are thereby more expoſed to the action of extraneous cauſes. 
That the ſmaller ſort of meteors, ſuch as ſhooting ſtars, are 
really lower down in the atmoſphere, is rendered very probable 
by their ſwifter apparent motion; perhaps it is this very cir- 
cumſtance which occaſions them to be ſmaller, the electrie 


tions. When we conſider that even the meteor of the 18th of Auguſt laſt was 
thought by ſome ſpectators to move ſouth-weſtward, it will rather appear ſurpriſing / 
that ſo many of theſe accounts ſhould correſpond, than that a few of them ſhould 
differ. 

* Ax1STOTLE (Meteor. lib. I. c. 6.) denies that comets, with which I take 
meteors to be confounded, are generated only in the north ; which ſhews it to 
have been then the prevalent opinion, that they appeared moft frequently in that 
quarter. M ynv o Telo antes, ors iv Tw Teo; agxlor Torw yilas & Kojpning hover. 
So likewiſe PLiny (lib. II. c. 25.) Xiphias, Diſceus, Pitheus doliorum cernuntur 
figura, in concavo fumidæ lucis. Ceratias. Lampadias. Hippeus. Candidus 
Cometes. Omnes ferme ſub ip/o ſeptentrione, aliqua ejus parte non certi, ſed 
maxime in candida, quæ lactei circuli nomen accepit. And SEntca (Quæſt. Nat. 
lib. VII.) Placet ergo noſtris, Cometas, ficut Tubas, Trabeſque, et alia oſtenta 
cceli, denſo atre creari. Ideo circa ſeptentrionem frequent iſimꝭ apparent, quia illic 
plurimum eft atris pigri. 

fluid 
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guid ag more > divided ; in more aba ai Bot 28 thoſe 
maſſes of electricity, which move where 1 is ſcarcely any 
reſiſtance, ſo generally affect the direction of the magnetic me- 
ndian, the ideas which have been entertained of ſome analogy. 


between theſe two obſcure powers of nature, ſeem not alto- 
gether without foundation *. 


If the foregoing conjectures be juſt, diſtinct regions are 


| allotted to the electrical phænomena of our atmoſphere. Here 


below we have thunder and lightning, from the ' unequal diſtri- 
bution of the electric fluid among the clouds; in the loftier re- 
gions, whither the clouds never reach, we have the various 
gradations of falling ſtars; till beyond the limits of our cre- 
puſcular atmoſphere the fluid is put into motion in ſufficient 


* It appears to me more rational to reſolve this analogy into a power of electri- 
city to influence magnetiſm, than into a ſuppoſed fimilarity of two fluids ; as the 
former can be made evident by our artiſicial experiments, but there is no proof 
of the latter. When fire -balls, therefore, are ſaid to affect the magnetic meri- 
dian, I do not mean that they are drawn in that direction becauſe it is the line of 
magnetiſm, but rather that the magnetic poles of the earth are thrown into their 
preſent poſition, by the accumulation and action of that very electricity upon. 
which the fire-balls depend. Should a change be produced by any cauſe in the 
place of this accumulation, or the ſtate of its motion, it 1s not improbable, that 
the main polarity would be given to other portions of the earth, whence a varia- 
tion in the pointing of the compaſs would. neceſſarily enſue, If Dr. FRANKLIN'S S 
hypotheſis be admitted, aſcribing the electrical ſtate of the polar atmoſphere to-. 
the cruit of ice (a bad conductor) in thoſe regions, it follows, that ſhould ice 
form or be collected in one part more than in another, the atmoſphere there 
would become more highly electrical, and, in ſo far as the magnetiſm is given by 
electricity, the adjoining portion of the earth would acquire a ſtronger polarity.. 
Now it is certainly worthy of remark, that fince our firſt northern navigations, 


the coaſt of Weſt Greenland and its ſurrounding ſeas have become gradually 
more and more inacceffible on account of ice, and that the magnetic needle all 
this time has been conſtantly changin gits variation to the weſtward, 


maſſes. 


_— 


2 3+ Dr. B LAGDEN 's eden of fate late fry Meteors. 


maſſes to hold a determined courſe, and exhibit the different 
appearances of what we call fire - balls; and probably at a ſtill 
greater elevation above the earth, the electricity accumulates 
in a lighter leſs condenſed form, to produce the wonderfully 
diverſified firearms and coruſcations of the aurora en | 
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Nx. On the remarkable Appearances at the Polar Regions if the 
Planet Mars, the Inclination of its Axis, the Poſition of its 
Poles, and its ſpheroidical Figure; with a few Hints relating 
to its real Diameter and Atmoſphere. H * William Herſch 2 
E. F. R. S. 
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| Read March 11, 1784. blond! ge i ct 


War I 1 (has to offer 6n the ſubje& of the net 
appearances at the polar regions of Mars, as well as 
what relates to the inclination of the axis, the poſition of the 
poles, and the ſpheroidical figure of that planet, is founded on 
- a ſeries of obſervations which I ſhall deliver in this paper; and 
Vox. LXXIV. I 1 after 


| hs © 4 
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n that my 
theory of this planet 18 ſupported by facts which“ will ſuffi- 
ciently authoriſe the concluſions Lhave drawn from them. For 
the ſake of better order and perſpicuity, however, I ſhall treat 
each ſubject apart, and begin with the remarkable appearances 
about the polar W The obſervations on them were made 
withla view to the ſituation and inclination of the axis of 
Mars; for to determine theſe we cannot conveniently uſe the 
ſpots on its ſurface, in the manner which is praiſed on the 
ſun. The quantities to be meaſured are ſo ſmall, and 
the olffervaticns of the center of Mars „l and 
attended with ſuch difficulties (ſince an error of only a few 
ſeconds would be fatal) that we muſt have recourſe to other 
methods. ECTS | 

When I found-that the poles of Mars were diſtinguiſhed with 
remarkable luminous ſpats „t occurred to me, that we mijphe 
obtain a good theory tor ſettling the inclination, and nodes of 
that planet's axis, by meaſures taken of the ſituation of thoſe 
ſpots, But, not to proceed upon grounds that wanted confir- 
mation, it became neceſſary to determine by obſervation, how 
far theſe polar ſpots miglit be depended upon as permanent; 
and in what latitude of the globe of Mars they were ſituated; 
for, if they ſhould either be changeable, or not be at the very 
poles, we might be led into great miſtakes by overlooking theſe 
circumſtances. The following obſeryatians ul ait N? 
the: inveſtigation of theſe preliminary points. 152 


„ AÞright ſpot; nearithe-ſouthern pole, appearidg — has ae | 
been obigrved, a POO 8 wm | 
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1777, April 17. 7h. 500. There are to remarkable bright 


ſpots on Mars. In fig. I. tab. VI. they are marked 
2 and 5. The line AB expreſſes the direction of a 


parallel of declination. 10 feet W 9 inches 
_— power 211“. 

10 h. 20%. They are both quite gone out of the diſk. 
1779, This year, in all my obſervations on Mars, there is no 
mention of any bright ſpots, fo that I believe there 
were none remarkable enough to attract my atten- 
tion. However, as my view was particularly directed 
to the phænomena of this planet's diurnal rotation, 
it is poſſible I * overlook them. . 

. March 13. 17h. 40“. 20 feet reffector. I favs a very 

lucid ſpot on the ſouthern limb of Mars of a conſi - 

derable extent. See fig. 2. 

* 25. 11 h. 36“. 7 feet reflector, power 227. Two 
luminous ſpots appeared at a and b, fig. 3.3 4 is 
larger than 5. 

12 b. 17 With 460. « a is thicker than H but 5 is 

| rather Ion ger. e 

13 h. 12“. 4 is grown thicker, and b Vole thinner. 

June 27. 11 . 200. The two lucid ſpots are on Mars. 

June 28. 11 b. 150. They a are e both viſible 3 ; 4, fig. 4.18 
much thicker than 5. | 

12h. 55% A line Joining a and þ does not go through 

the center. 

June 2. 10 h. 487% The ſpot « a is viſible. the! 17 


II h. 35“ Both {pots ate to be ſeen. 
FI ; . 1 t. 5 
* Phil, Tran. yol. LFXIL, P- 127. and fg. 17. DES 
11 2 1781, 
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236 Mr. HxnscnrI 'i Obfervations 
1781, July 3. 10 h. 54. a ſeems to be _— than I have 
ſeen it, bg. 6. 


1 1 h. 24. bis not yet viſible, fig. 7. 
12 h. 36.1 perceive part « of 6, fig. 8. 
July 4. 12h. 9. a is very full; 6 extremely thin, and 
barely viſible. | 
12 h. 18”, 4 and 6 are not quite oppoſite each other. 
12 h. 490 b is increaſed. 
July 15. 9 h. 54. a is viſible, fig. 9. 
11K 355 b inviſible. 
12h. 12. b not to be ſeen. 
July 16. 11 h. 9“ The bright ſpot a 1s very large. 
July 17. 11h. 1 55 No other bright ſpot but 4. 
July 19. 13h. 3” a viſible. | 
= July 20. 10 h. 3. 1 ſuppoſe the bright ſpot 4 on > Mars | 
is, very nearly, the ſouth pole; which therefore 
muſt lie in fight. There is no ſecond bright ſpot 5 
viſible to night. | 
10 h. 56“ 6 not viſible; the night very "I oy 
July 22. 11h. 14“. At 4 and b, fig. 10. are bright 
ſpots; à is larger than 5. Moſt probably the ſouth 
pole is in view, and the north pole juſt hid from our 
ſight. If the ſpots are polar, or nearly ſo, then # 
muſt, on a ſuppoſition of the ſouth pole's being in 
view, appear larger than 5; and if b extend a little 
more from the north pole one way than another, it 
muſt be ſubject to ſome change! in its appearance from 
the revolution of Mars on its, axis. 4 
July 30. 9 h. 43'. Both ſpots viſible. 
Auguſt 8. 10 h. 4. Only à viſible, fig. 11. 
Auguſt 17. 9 h. a1”. * a in ſighht. 


en the Planet Mars. 
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_ N 23. sb. 4. 4 as uſual, Wy part of 5 viſible, 
i 
Sept. 7. The white pot a is very owe. 
1783, May 20. Mars has a ſingular appearance. At a, fig. 13. 
is the polar ſpot, which is bright, and ſeems to pro- 
ject above the diſk by its ſplendour, — a break 
t e. 
July 4. à is very bright. 
July 23. 14h. 45“. a is vety lucid: 
Auguſt 16. I ſaw the bright ſpot with the 20 feet 
reflector as uſual. 
Aug. 26. The lucid ſpot on Mars is its ſouth pole, for 
- It remains in the ſame place, while the dark equato- 
rial ſpots perform their conſtant EINE it is 
nearly circular. 


Aug. 29. The ſouth polar — is in the fame firution 
Sept. 9. As uſual. 


Sept. 22. The ſouth polar fpot is of a Acer ſhape, 
and very brilliant and white. I had a beautiful and 
diſtinct view of it when it was about the meridian, 
and meaſured its little diameter in the equatorial di 
vein” of Mars. With a power of 932 it gave 
17 41”, and I faw it very diſtinctly. The outward: 
edge of the ſpot came juſt up to the upper limb; a 
| favourable hazineſs, taking off every troubleſome: 
ray, gave me objects in general exceedingly well de- 
fined, eſpecially Mars. 
Sept. 23. 9 h. 55'. The polar ſpot a, | fg. 14. as uſual:. 
Sept. 0. The ſame. 


\ 


Mr. Hassel Qbſervations 
585: Sept. 29. 14h. 30“. The bright ſouth Polar ſpot a, fo, | 
15. ſeems to be fixed in its Place, and goes nearly up 

to the margin of the diſk; ĩt is perfectly round. 
12 bd 55“. The track ef the equatorial ſpots. is incur- 
vVated, being convex towards the north, ſee e, 9, fig. 


23. : this confirms the white pot 8 being at the ſouth 
pole. With long attention I can perceive the edge 
of the diſk of Mars beyond the . extending about 
z diameter of the | 3 

Sept. 26. 12 h. 10“. The ſpot à is in a ns, with the 
center and the end of the hook, Ag, | ; RIM 
Sept. 27, 28, 29 · The {pot as uſual, 
Sept. 30. 10 h. 30“. The polar ſpot as in fig. 17. 
Oct. 1. 9 b. 55/. Lam inclined to think, that the white 
ſpot has ſome little revolution, and therefore is not 
with its center exactiy at the pole of Mars; it is 
rather probable, that the real pole, though within 
the ſpot, may lie near the circumference of it, or 

one - third of its diameter from one of the ſides. A 
few days more will ſhew it, as I an now fix my 

2 particular attention upon it. 
40 h. 1. The bright ſpot is certainly not bo far upon 
tze diſt as ir uſed to be formerly, and is either 
reduced or has a ſmall motion which of the two 
is the caſe will be ſeen 1 in a few hours. 
1141 3h. 3. The bright ſpot bas 2 little motion; for it 1s 
no come farther into the duk. | 


0 3 41 6 


1 a now, in 1 chat none of the bright ſpots 
on Mars were exactly at the poles, though they could certainly 


not be far from them: for what has been juſt related of the 
4 iſt, 


8 vÞ 


on r Planet Mars. A | 2 39 


in." 1, ad? 4h f October x 78. 3. ſhews plainly, that the 
appearance of the! ſouthern ſpot 4 was a little affected by the 
diurnal motion of the planet; and the obſervations of the 3d 
and 4th of July 178 1, ſhew alſo that the ſpot b could not be 
exatly at the north pole; and that, perhaps, the viſible 
branch of the fattet extended pretty far towards the equator. 
However, the fouth polar. "ſpot of the year 1783, being very 
mall and nearly bnd, afforded a good opportunity for deter-- 
mining its polar diſtance, by noting the different angles of 
poſition it aſſumed while Mars revolved on its axis; to this end 
many obfeivations* were taken at "different hours of the ſame 
night, wlüüch will be found among the r of the angles. 
of poſi tion in 


2 TR SY; 


+ Wes of this point, I ep y reh 


ts on thoſe par-- 


ticulars, a8 fol We, wee 4 104 47 5 3 Wy? \ Mat 8 122270 

3 155 41172 WJ TOUS! ont 111 41095} n <3 40 

18. OR. 4. 7. "by. The tight tot near the ſouth pole is 
about half viſible. ten 


Oer 418 H. G. The polar ſpot ſeems to\projett above 
the diſk as na. and is very ſmall. 
Oct. Wo 11 h. 13”. The dpot' is very ſmall; antl ſcenis 
actually to be in the dtciiniference.' « eins 
ok H. zo”. The ſpot is fmall, And feems to bechith its 
Fartheſt ide 11 the eircümberelet of the diſk ; * Or it 
may, perhaps, be Fan. berond it, and therefore 
not all in ſight.- 58.) We H v4 
11h; 50% J fee tha {pot much cledret tha T Ack before. 
131 h. 1 555 The whits'fpot'i is mote in ſigln, abt of its 
: vfaal fe, but docs Hot fem much to change! its po- 


N ſition; 


240 Mr. Hznscngr's Obſeryations 
ſition ; however, what change there is ſhews that it 
| has been beyond the pole, as it appears to have been 
direct while the equatorial ſpots were retrograde. 
1783, 0a: . 9. 11h. 48'. The white polar ſpot increaſes in 
 fize.. At 10h. 35' it was as in fig. 18. but is now 
larger, and coming pound | towards that part of its 
orbit which. is neareſt to us. See ſig. 24. | 
Oct. 10. 6 h. 200. 1 ſee, ng white polar ſpot ;, but the 
planet i is too low for any obſervation to be depended 
 -, en. 
7 6 h. 55. The white rot begins to be viſible; at leaſt I fre 
it now, the planet being higher than before, fig. 19. 
1 h. 55" With 460, the white ſpot is conſiderably in- 
cdreaſed, and ſhews a circular form, fig. 8 
. 11. 7h. 46%. The bright ſpot is very viſible; the 
evening fine; with 278. x; | 
OR. 16. 7 h. 7. The ſpot is very Fam ET 
9 h. 5;/. It ſeems rather lengthened ; perhaps it may 
be arrived. at the extreme of its r of declis 
nation. 
OR. 17. 7 h. 47. The white * a, C3 21. is very 
Z 
13 h. 7* It 1s leſs i in appearance than it was in the be- 
ginning of the evening. 
Oc. 23. 6 h. 460. The bright ſpot is very large and 
luminous; I ſuppoſe it to, be. in the nearer parts of 
its little orbit. © 
J h. 11', It is ſituated as in fs "RT 
Oct. 24. 7h. 1. The white ſpot is very large. 
Oct. 27. 8 h. 45. It is very large and round. 
Nov. 1. 7 h. 47 The. ſpot is round and bright. i 
| 1 1783 


** 


1 
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s of 


1 Nrw. defect of light.” | 


dn — MA 2. 


1783. Nov. THE deficiency of · light which occafions Mars 
9915.4 ©*d appear” gibbous readhes over the ſouth polar _ 
ro! 155 "t6wards the preceding limb, and hides it. 
Nov. 14. Mars is * amd the m N is thereby. 
alen rendered invifible!s e:: 9 
Nov. 0126 h. . The Gourh þ polar gert iy under the fal- 
et18 0b Fo, | | 2 
ce 32.1 do not . re there * not a faint” 
— 100 glimpſe aof the! polar * left; 1 1s too 
2 42 a bad to determine it. DIR 1511674 S197 ni 09 «70 15 
I have added fig: 2 5. (tab. X.) e the-edoheftion of -t 
15th, ryth, 19th," ttb, zbth, 21K; Py 24d figures, which. 
complete the whole Menn circle of appearances on Mars, 
as they” wete obſerved in immediate ſucceffion. The center of 
the eirele marked 1 is placed 6h the circumference of thet 
inter eirele, by Waking! its diſtanee from the: cehter of the: 
circle, marked Is, 'grffver tothe intefval of time between the 
two öbfervätiötis, Property culeulated and reduced to: ſide real. 
meaſtife; The ſame has been done wich regard to the circles 
marked 189 fog &. And it wilk be found, by placing any 
olle df theſe cbfneSted citeles, ſo as to havel its contents im a 
ſimilar” ſituation with the figures in the ſingle tepreſentation 
which bears the ſame number that there is à ſufficient reſam- 
blance between them; but ſome allowance muſt undoubtedly 
be made for the unavoidable diſtortions occaſioned by this kind 


of projection. 


In order to bring theſe obſervations on the bright ſpots into 
one view, I have placed them at the circumference of three 


circles (ſee fig. 26, 27, 28. tab. VII. VIII. IX. ) divided 1 into de- 


grees, repreſenting the parallels of declination in which they 
Vor. LXXIV. K k revolved 


6 


tions, and ſerve to explain the arrangement of the obſervations 
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242 8.75 — | Ohftroations 
revelved about the pbles of Mars. The diviſſon of the tircks 
marked 360 is where a ſpot paſſes that meridian of the planet 
which is turned towards thetearth, and where; conſequently, it 
appears to us in its greateſt luſtre. The motion of the ſpot is ac- 
cording to the numbers 30, 60, 92, and fo on to 360. In calcu- 
lating the 2 places of the ſpots I have uſed the ſidereal period 
of 24 h. 39 21% 67 determined in my paper on the rotation of 
Mars e; and have alſo made proper allowances for the alterations 
of the geocentric longitudes calculated from the fituations of that 
planet given in the Nautical Almanack 3 by which means the 
fidereal is reduced to a proper ſynodical period. 
The following three tables contain the reſult of the calcula- 


in the circles. In the firſt column art the times when the ob- 
ſervations wert made. In the ſecond, the fidereal places of 
tbe ſpot in degrees and minutes. In the third column are the 
gedcentric lohgitudes of Mars at the time of the obſervations. 
In the fourth, the neceſſary copreftivns. on account of theſe. 
different longitades. In the fiſth column are the corrected. or 
ſynodical plaees of the ſpots ; had according to the numbert 
in that column, they 4re- marked on the. eireles, where con- 
ſequentiy each ſpot is repreſented as ĩt muſt have n be 


| Kvated at the time of obſervation. 
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From 5 appearance and 12 of the bright © het 
polar ſpot in the year 1781, we collect that the circle of its 
motion, repreſented by fig. 26. was at fome confiderable diſtance 
from the pole. By a calculation, made according to the prin- 
ciples hereafter explained, its latitude muſt have been about 76? 
or 79" north; for I find that, to the inhabitants of Mars, the 


declination of the ſun, June 25. 12 h. 15“ of our time, was 
about 9? 56 ſouth *; and the ſpot muſt have been at leaſt ſo 


9 


* See p. 259. and 260. 
. far 


. — Qbbovaticns ll 
| far removed from the north pole as to fall a few degrees within 
the enlightened part of the dif, to become viſible to us. 
__ even pole of Mars could not be r ges from 
| whoſe nN is traced in fig. 27 though the frog was of ſuch ; 
magnitude as to cover all the polar regions farther than th 
72th or 6 zth degree, and i in that pact which was on the merir 
dian July 3, at 10 h. 54, perhaps a little farther. - 
In the next diviſion of our ſubject wall be ſhewn, that the . 
inclination and poſition of the axis of Mars are ſuch, that the 
whole circle, fig. 28. (which will appear to be in about 81* 52! 1 
of fouth latitude on the globe of Mars) was in yiew all the f 
time the obſervations on the bright ſouth polar ſpot of the year 1 
t 
fi 
ti 


1783, which are marked upon it, were made, but in ſo oblique 
a ſituation as to be projected into a very narrow elliphs. See 
fig. 24. where m is the little ellipſis in which the ſpot 4 
revolved about the pole. Hence then we may eaſily account 
for the obſerved magnitude and brightneſs of the ſpot Oct. 2 37 
24, and 27. when it was expoſed to us in its meridian - ſpleny 
dour. Its ſituations Oct. 16. and 17. on ane extreme, of the 
parallel, as well as thoſe of Oct. 5. and Nov. 1. on the other, 
gave us alſo a bright view of it: and, when we paſs over to 
| that half of the circle which lies beyond the pole, the much 
greater obliquity into which the ſpot muſt there be projected 
will perfectly account for its being ſmaller at 13 b. 2“ of Oct. 
17. than at 7 h. 47' of the ſame evening. It will alſo explain 
its ſmallneſs Oct. 4. and its increaſe Oct. 9. We ſhall haye 
occaſion hereafter to recur to the ſame figure, ſo that I take no 
notice at preſent of the angles of poſition which are marked 


upon it. s g | 
2 of 


Wy þ j Ro" ths by ( — 47 
C j p 2 * = e 8 * e " * 6 j «7 | P q p 
N 0 bo j N 1 * WI Ws ** * yy N $i 22 N ws. 9 8 * 14 * * . ' 7 
, 8 * N „ — 1 o "TA 
» : = 12 9 * *" SS CAR - * 
15 Pe : «4 l 


on tbe Planet Mars. 247 


% 


* o 62 
* 
— Cl 0 4s - . n C * - , 
- 0 8 28 * , 1 = "4 
„ 4 — ws F * 1 . © : * 7 * 9 * 2 9 
5 : ; 1 


* the diredtion- or nd of the axis of Mars, it + Bellhativn 70 
the ecli price, and the angle of. bar Planer's s | equator with its own : 


orbit. 4 * n bD | | 


47 / { & © + — 9 - * Na T”= 
& 4 1 1 l 4 114 11 «1 — 22245 14 Eye) 


From hs foregoing article -we ah enher that the bach 
pole fpots on Mars are the: moſt convenient: obje&ts: for deter- 
mining the ſituation of the axis of this planet; 1 thalf thete- 
fore collect, in one, view, all the meaſures I have taken of theſe 
ſpots for that purpoſe. Before I conſtructed a micrometer for 
taking the angle of poſition, I uſed to draw a line through the 
fgure, delineated of Mars to repreſent the parallel of declina- 
tion; in a few of my firſt obſervations, therefore, I can only 
take the ſituation of the polar ſpots from ſuch drawings, and 
of conſequence no great accuracy in the n as to the exact 
number of e can be r 


ha two died lar 1 a and 3, 1 1. makes an 
angle af about 767 3, with a parallel of Geelinztion 
AB; the fouthern ſpot preceding | and the northern 
following. 


2 +. 14 JUL 


My reaſon. for SER A Jews Gans 8 b the ſpots 
rather than through one of them and the center is firſt, that 
they were not ſituated quite oppoſite each other, and therefore, 
unleſs 6ther obſervations had! pointed out which was moſt. 
polar, I ſhould evidently run the greater ritk in fixing on 
one of them in preference tothe other. In the next place, we 
find by the ſecond obſervation, page n 35. that in two hours and 
a half both ſpots were iutirely cus ont. of the. diſk. This 
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248 Mr. Hansen ait Ohepvatians 
plainly denotes, that they were both in the ſame half of 


a. ſphere orthographically. projected, and divided. by a. plane 
maſking through the axis of Mars and the eye, but that neither 
of them were polar. Now, a line dtawn through two points 
not far from oppoſite each other, both in the ſame hemiſphere, 

and both removed from the poles of it, muſt. approach more to 

a paralleliſm with the axis, than a line drawn. throy gh Fee 

of. them and the center. 10 2 0 een 


1715. May 9. There being no bright thts by lech to evg 
of the poſition of the poles, it is Eſtimated from a 
well known dark equatorial ſp pot, with a line drawn 
r the figure to denote a parallel of declina- 
* By very rough eſtimation it is about 42 
burg precedin PF. cr 
May 11. The ſame gute, being drawn again n ano- 
ther ſituation, and alſo with a line giving a parallel 
cf declination, points out, by the ſame rqugh eſti- 
: mation, 62 ſouth preceding... 
1787, June 25. 11 h. 35. Fhe poſition of f the ſpots @ and 5, 
fig. 3. with regard to a parallel of declination, mea- 
' ſured with a micrometer 74* 32. The ſpot @ was 
ſouth preceding, and 6 north followin "A 
July 15. 10 h. 12. The angle of poſition, of the cen- 
ter of the ſpot a, fig. 9. Range the center of the 
diſk, 74 18“ ſouth preceding. = 
"og 3, Auguſt 16. Poſition: of the ſpot a, 64 ſouth following 
| the center; but as the planet is not full, the center 
becomes dubious, and the meaſure therefore may not 
de quite accurate, though taken with a 20 feet 
reflector; power 200. 
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THEY Dos” g. Polition of tlie n fouth- ble of Mars 
1 65% 12 fouth following ; 7 feet reſſector; power 460. 
Sept. 22. Pofition' of the ſame 529 f. following; 460. 


va ue. 2 5. 1 3b. 300 5 Poſition of the ſouth polar ſpot 
ae ö 56? 27 very accurately taken, by biſecting the 
er dix of Mars thirough the bright ſpot, and ſuppoſing 
ts. the planet now near enough the oppoſition to induce 
| C0 material error. Hitherto'I have taken it through 


© ſuppoſed center by endeavouring to' allow a little 
for what I thought the Oy in the diſk ; but 
3 to- night. 1 

Oc. 4. 8 h. 46%. Poſition of the fk + 51* 21'; Mars | | 


14 too low and hazy to depend much on the meaſure 
* with ſo high a power as 460. 
| oO ß. The motion of the polar Hat bark ſtrongly 
25 ſuſpected, or rather already known, I took the fol- 
1 lowing meaſures, by way of diſcovering its quantity. 
* 11 h. 500. Poſition very e taken xt 6“ . fol- 
tel | lowing. | i 

> 1. \ S Tak. 2 
. 88 14 4h. O Poſition of che ſpot * 3 
e 8 b. 20). Pofition 55 127. In order td fee how 
3. 4 5 far this meaſure might be truſted to, I ſet 49 36“ in 
ic _ the micrometer, Which was evidently too ſmalls 
5 next I took 519 36, which was alfo too ſmall; after 


' this, I took a new meaſure,” and found 55 24; 
which appeared to me very exakt. 10 h. 5. The 
5 © poſition now was 53. 11 h. 50“ It meaſured 52% 12“ 

As there is nothing to diſtinguiſh. the center, it ts ex- 
trethely difficult to pleaſe one's ſelf 1 in bringing the 
ſpot 1 into a line with it. a 
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1783, 


1151 s 
ASD. Mr. HiRSGHEL's Obſervations 
1210 Oct. 10. 7 h. 0 Poſition, of the polar ſpot 37 123 
ed W1 460, very 


chrate. L tried. a few parts leſs of 
the micrometer, but found. the meaſure 1 too little. I. 


1 ” 1 406 Pretty addict, butt the air is 3 
91 h. 55 1 527 42,3 2 very diftind._ | 


a 12 h. 11. Poſition 46 30% I ſee not quite forall now 


029% 6 ee 
14 h. 17. Poſition 4 17 


* 


bat lable. to great uncer- 


„ 
0 * » 


net is not n defined. 

- OR. 16. 7h. 7% Boſition 637 gf. By way y of 211 ſet 
59 36% which. Was 52 ſmall ; alſo 60? 24 was too 
ſmall; again, 61 24“ was not large enough. Then, 
taking a freſh meaſure, 1 found, 4 * 78% hich E 

8711 thought right.” LS 

9 h».55-:;1 took three. meaſures, and thought the third, 
- which was 657 of, the beſt of all, for I faw the _ 

1:18 and the ſpot remarkably well. | 

11728 OR. 27. 8 h. 45“. Poſition of the pelar ſpat 59 * 8 

0508 I. took three other meaſures, of which . 60* 39“ ap- 

. _ to me the beſt; it was taken with. os g atten- 


longer to be depended on. 

Theſe poſitions, E believe, will be ſufficient for- hs purpoſe 
of ſettling the latitude of the polar ſpots, and thereby obtain- 
ing a correct meaſure of the ſituation of the real pole. I have 
referred thoſe of the ſouth polar ſpot of the year 1783 to the 


3 tainty, on account of tremulous air; it becomes 
moge difficult to diſtinguiſh the f when the pla- 


dance and many changes and trials of the wires in 
different poſitions; but the gibboſity of Mars! is ſuch, 
that meaſures of the ſituation of the ſpot are now no 


ſame circle which contains the obſervations that were made on 
= 2 2: the 


zun, 1 Plane TY Wi 25 
the apparent brightneſs and magnitude > of 1 that ſpit, that they 
may be compared together. (See fig. 28.) The agreement of 
the meaſures, and the phænomena attending the motion of the 
ſpot, are ſufficient to point out the meridian of the circle; for 
which, from a due conſideration of theſe circumſtances, I 5080 
fixed on the place where the ſpot was Oct. 10. 6h. 46. 

Of the angles collected in fig. 28. we find 65* o' the largeſt, 
and 49* 45” the ſmalleſt; but, on account of the different 
ſituation of the earth and Mars, the angle meaſured 7' leſs 
Oct. 16. than it would have done had the planets remained in 
the places they were in Oct. 5. when the other meaſure was 
taken. This being added, we have 65* /. The difference be- 
tween the two poſitions is 15 22. Now, the conſtruction of 
fig. 28. being admitted, we ſee that the angles were nearly 
taken at the oppoſite extremes of the circle in which the ſpot 
moved. However, by the 5th column of Tab. III. O&. 5. we 
have the ſituation of the ſpot in the circle with reſpect to the 
meridian 28 1 44, and Oct. 16. 114* 67: therefore the ſouth 
polar diſtance of the center of the ſpot 1s found, by taking half 
the ſum of the fines of theſe angles to radius, as 7 41/ (half 
of 15 22“) to a fourth number, which is 8? 87; and the lati- 


| tude of the circle, in which the ſpot moved about the pole, 


therefore is 81 52/ ſouth. This being determined, we have 
the following correction for the angles of poſition : radius is 
to ſine of the angular diſtance of the ſpot from the meridian 
as 8* 87 to the required quantity. This muſt be added or ſub- 
tracted, according as the caſe requires; and thereby we ſhall 
have the poſition of the true pole from any one of the 

meaſures. 
I ſhall now apply the above to determine the ſituation of the 
axis of Mars. To this end, we ſee that, in the firſt place, the 
YT meaſures 
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28. 
meaſures muſt be corrected for the latitude of the ſpot; next, 
they muſt be reduced to a heliocentric obſervation, which will 
alſo correct them from the difference occaſioned by the different 
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ſituation of the planets when they were taken. This being 
done, we may ſelect two obſervations at a proper diſtance; from 


which, by rrigonometry, we ſhall have the node and inclina- 


tion of the axis. When theſe elements are obtained, it will 
be eaſy to ſee how other obſervations agree with them; which 
will afford the means of correcting or verifying the former 
calculations. | 

Let T,. fig. 29. (tab. X) be the earth; S Qg V theeclipticas 
ſeen from T; P the point of the heavens towards which the 
north. ou of the carth i 1s directed; M the place of the orbit of 


been made, Which! is to be reduced to its heliocentric meaſurs, 
And, firſt, ſuppoſe. it to have been made at the time of the 
oppoſition of that Planet. Then, the place M or Qin the 
ecliptic being given, we have the ſides QS, SP; whence 
the angle Q, of the right-angled triangle PS Q, is found, 
This being added to, or taken from, the obſerved angle of po- 


ſition of the axis of Mars, according to circumſtances eaſily 


to be determined, reduces it to its hehocentric poſition. But 
if this obſervation, was not made at the time of an oppoſition, 
but at ſome other place m, a ſecond correction is to be applied 
in the following manner. | 
Let the angle , of the triangle PS 4, be found as before, 
and properly applied to the poſition of the axis of Mars now 
at ; then make the angle S u, at the ſun 8, equal to the 
angle Sm T, and w will be the heliocentric place, where the 
angle of poſition, when ſeen from 8, will appear to be as it 
was found at ar, after the application of the firſt correction: 
4 . 
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for S being parallel to Tm, and — 1 axis of Mars 


to preſerve its paralleliſm while it moves from m to n, appear- 
ances of Mars at A to an eye at 8, muſt de the ſame as they 


ln ů ů— WO 


are at 97 to an eye at T. | | 
The following table contains the reſult of cada; re- 


K „% 4 


lating to the angles of fig. 28. In the firſt column are the 


times when the obſervations were made. In the ſecond, the 


angles as they were taken. In the third column are the quan- 
tities of the angles Q. 9, calculated from the geocentric lon- 
gitudes contained i in the third column of the third table. In 
the fourth column are the corrections for the ſituation of the 
ſpot in the circle of latitude obtained from the ſines of the 
angles 1 in the fifth column of the third table. In the fifth 
are the corrections requiſite on account of the change of ſitua- 
tion of the planets, during the interval between the ſeveral 


| days on Which the meaſures were taken; theſe are obtained 


from the third column of this table, and I. have aſſumed the 
4th of October, as being the obſervation neareſt the oppoſi- 
tion; to which I have reduced the other meaſures. In the ſixth 
column are the angles of the ſecond, corrected by the quan- 


ities contained in the fourth and fch columns, e accord 
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ds we n no W weten to | {ele one ebe e 
-xltab another, a mean of all the 13 will probably be neareſt 
the truth; ſo that by: theſe obſervations, which, as we faid 
before, are reduced to the 4th of October, 1783, we find the 
-pofition of the axis. of Mars chat _ to have been 5 g* 41 ' ſouth 
following. 

From hs appearances * the fourth ths foot 1 in 1781, re- 
preſented fig. 27. we may conclude, that its center was nearly 
polar. We find it continued viſible all the time Mars revolved 
on its axis; and, to preſent us generally with a pretty equal 
ſhare of the luminous appearance, a ſpot which covered from 
45* to 600 of a great circle on the globe of Mars could not have 
any conſiderable polar diſtance: however, a ſmall correction in 


the angle of poſition ſeems to be neceſſary, which ſhould be 


taken from the meaſure of the 15th of July, becauſe that 
Branch of he ſpot which probably extended fartheſt towards 
the 


an the, Planet a. 255. 
efic equator, was then in the following 1. The mea- 
ſure of both the ſpots on June ther 25th, 1781, is ſtill more 
to be depended on, as giving us very nearly the poſition of the 
ttue pole; ; 25 it © hs evident from the phænomena of the. 
bright north- polar ſpot in fig. 26. that that ſpot was in the 
meridian when the meaſure was taken, while the ſouthern ſpot 
Was in th preceling quadrant near its greateſt limit: Now, 
ſmce an angle at the circumference of a circle is but half the 
angle at the center, when the arches which ſubtend theſe 
angles are equal, the correction neceſſary to be applied to the 
meaſure_ taken through the two ſpots will be. but one half of 
the correction which would have been requiſite had it been. 
taken „through the center; therefore,, 1 in order .to reduce t t is 


een My $9 454 14 
to the condition of the. former, we may ſuppoſe 1 it to have been 


9 2 


taken through the. center.of ML Mars when the ſpot way only 35, or 
I godeg Ea, from the n meridian. It isalfo neceſſary to ade 15 54. to 
the 8 e of. Ju bg which it : would have meaſured more had. 
the p Pl: lanets — where they were June 2 58. 18 done, 

we may have the, polar. diſtance” of, the center o of the ſpot as 

before. Half E ſun of the fines (of 231% 38. and 1 50⁰% t. to 
radius, as 500 (half the Lö 5 74. * and 3613 


51 212 
to a fourth. number, Fe IS I 


* = 


— 54 
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1 


ad too ba afterwards, t Gin of Mars Kang Ha”; pre. 
ding; whereas, in fig. 28, A, would be too Tmall before, 
and too large after, the meridia an paſſage, the ole: being ouch 
following. 8 OE 

Theſe, two obſeryations arranged 2s. thoſe i in W fourth table, 
and reduced to | the time A. the 25th of June e „ ill tand as | 
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th mM remark, that we have hat admitted both meaſures 
as equally good; and that, _ therefore, the reſult 3 15 a mean of 
them both, and wen the ; axis ot Mars, June 25, 1781, to 
have been 7511 . ſouth 5185 ing; IF ILOILEVE ns f 

"Our next buſine al be to reduce theſe two geocentric ob⸗ 
1728505 to a 12 ocentric meaſure. is is t to 'be done, - as we 


have thewn before, by a calculation of the ant gle Q, fig. 29. 
at 10 14 are 'to be Tobe from 


— 


The? reſult of it ſhews, 
the r mean corrected angle of poſition 3 reduced to Jobe 16. 4 781, 
and 235 18˙ to be added to the angle which ! is the c 2s nebel 
mean of I 3. meaſures, reduced to Oc. 4 4 1 0 703. PI we 
learn that on thoſe days and hours, A 7 Ne keBoceiitric 
places of Mars were 98. 24* 35 4 ande os. "5 1 5 (which would 
happen about July. 18, 1781, nd Sept. 29, 1785), an ob- 


4 vb. 163 #444 


ſerver placed, i in the 2 woul have ſeen, on the former, 
the axis of Mars. inclined to. o. the ecliptic 6a" 375 „the north 
pole being towards the, 1 2 eft; a - and on The latter, he would | 
have ſeen the ſame axis inc med to the ecliptic 7* 59", ; the 


3 
aceth 2h 


pole being then towards'the right. 


The firſt concluſion, we may draw from theſe principles is is, 
that the north pole. of Mars muſt be directed towards ſome 


— 


point of the heavens between 98. 25 35 and 05.7" 15˙ be- 


cauſe the change of the ſituation of the pole from left to Hake, 
which 
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which happened i in-the-time the Planet paſſed fi from one place 


ro the other, is 2 plain indication of its having | gone through” 
the node of the axis. Next, we may alſo conclude, that the 


node. 
But, by a trigonometrical proceſs of din ga | few trian gles, 
we ſoon diſcover both the inclination of the axis, and the place 


where it interſects the ecliptic at rectangles (which, for want 


of a better term, I have perhaps improperly called its node). 
Accordingly I find, by calculation, that the node is in 1 47 


of Piſces, the north pole of Mars being directed towards that 


part of the heavens; and that the inclination of the axis to 
the ecliptic is 59 42“. 


We ſhall now compare the obſervations of an earlier date 


with theſe principles, to ſee how far they agree. Some of the 
Pn and 1 lating to em are as follow. 


TABL E v. 
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1779, —4 * 22/7 04: e eee 
May * os | 62 7 21 40 
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May the gth, 1779, as we have feen, the angle of 050 
was roughly eſtimated at 425, and May 11. at 62% The great 
diſagreement of theſe coarſe eſtimations is undoubtedly owing 


to the very different ſituation of the dark ſpot from which they 


Vor. LXXIV. | Mm were 


node muſt be conſiderably nearer the latter point of the ecliptic 
than the former; for, whatever be the inclination of the axis, 
it will be ſeen under equal angles at equal diſtances from the 
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were wi. | however, fince we do not mean to ufe theſe a. 
ſervations in our calculations, they may ſuffice in a general 
way to ſhew, that the axis of Mars was actually about that 
time in ſuch a ſituation as our principles give it: for, reducing 
the- two. poſitions to the gth of May, that of the 11th, from 
an allowance of 26“ for the fituation- of the planets, will be- 
cone 62 26' ; and a mean of the two, 50 15 ſouth Pre- 
ceding; which, reduced to a kdiocentric obſervation, gives 
66 307, the north pole lying towards the left. Now, on cal- 
culating from the poſition of the node and inclination of the 
axis before determined, we find, that the heliocentrie angle 
was 62 49', the north pole pointing towards the left; and a 
nearer agreement with thefe principles could hardly be expected 
from eſtimatians ſo coarſe. If we go to the year 1777, and 
take the poſition of the two bright fpots- obſerved the 17th of 
April, we have 63 fouth preceding; this, reduced to. a beko 
centric quantity, gives 86 26“ of inclination, the north pole 
deing to the left. By cakeulating we find, that that pole was 
then actually 8 27” inclined to the ecliptic, and pointed 
towards the left as ſeen from the fun... _. 

The inclination and ſituation of the node of the axis of Mars 
with reſpect to the ecliptic being found may thus be reduced 
to that planet's own orbit. Let EC, fig. 30. (tab. X.) be a part 
of the. ecliptic; OM part of the orbit of Mars; PEO a line 
drawn from P, the celeſtial pole of Mars, through E, that 
point which has been determined to be the place of the-nade of 
the axis of Mars in the ecliptic, and continued to O wbere it in- 
terſe&s the orbit of Mars. Now, if according to Mr. dt LA 


Lax we put the node of the orbit of Mars for 1783, in 
2 5. 17” 58', we have from the place of the node of the axis 


(chat is, 118. 17* 47) to the place of the node of the orbit, 
3 an 
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an arch EN. of 60 tr”; in the triangle NEO, right-angled 
at E, there is alſo given the angle ENO, according to the ſame 
author, 1 51', which is the inclination of the orbit of Mars 
to the ecliptic. Hence we find the angle EON 89 5%, and 
ſide ON 60* 12/. Again, when Mars 1s in the node of its 
orbit N, we have, by calculation from our principles, the angle 
PNE = Gg “, to which, adding the angle ENO=1* ;1', we 
have PNO = 64 58“; from which two angles PON and PNO 
with the diſtance ON, we obtain the inclination of the axis of 
Mars, and place of its node with reſpect to that planet's own 
orbit; the inclination being 61® 18, and the place of the node 
of the axis 58? 31 preceding the interſection of the ecliptic 
with the orbit of Mars, or in our 19* 28” of Piſces 
Being thus acquainted with what the inhabitants of Mars 
will call the obliquity of their ecliptic, and the fituation of 
their equinoctial and ſolſtitial points, we are furniſhed with the 
means of calculating the ſeaſons on Mars ; and may account, 
in a manner which I think highly probable, for the W 
appearances about its polar regions. 
But firſt it may not be improper to give an inſtance n to 
reſolve any query concerning the martial ſeaſons. Thus, let it 
de required to compute the declination of the Sun on Mars, 
June 25, 1781, at midnight of our time. If + x n , &c. fig. 31. 
(tab. X.) repreſent the ecliptic of Mars, and ve the eclip- 
tic of our planet, Aa, SB, the mutual interſection of the mar- 
tial and terreſtrial ecliptics, then there is given the heliocentric 
longitude of Mars, vm = 9s. 10% 30“; then taking away ſix 
ſigns, and 6, or vag 18. 17* 587 there remains bm = 


18. 22* 32', From this arch, with the given inclination, 15517, _ 


of the orbits to each other, we have coſine of inclination to 


radius, as tangent of bm to tangent of BM = 18. 22 3 3 And 
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month's darkneſs and abſence of t "the 1 ſun ; but . in wo 1 fön 
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taking away BS = 1 8. 10 29 . which 3 is the complenent to Y B 
(ot. e A, wy ſhewn to be 1s. 28 3 31 oy there wilt rethaih 


Mos. 21? C, the place of Mars in its own orbit®; ; that 18, 


on the time abovementioned, the ſun? 8 longitude on Mars Will 
be 68, 21 4', and the obliquity of the martial ecliptic © 2$- 42 
being alſo given, we find, LE the uſual method, thie furs 
declination 9*, 56 ſouth. 

The analogy. between Mars £4 TI earth f 15, Perhaps, hy far 
the, E in the whole folar vie. Their ür as is 


rior planets the — of Mars from the, fun 18 her bog far thi 


neafeſt alike to that of the earth; nor Will the length of "the 
martial year appear very different from t at ich we enoy, 
when compared to the ſurpriſing, duration 67 the Yeats of Ju- 
piter, Saturn, and the Georgium Sidus. If, then, wwe find 
chat the globe we inhabit has its polar regions frozeh and c- 
vered with mountains of ice and ſnow, that only partly melt 


to ſurmiſe that the ſame cauſes may prol N08 fy have the fame 
effect on the globe of Mars; that the bright Þ ar ſpots are 
owing to: the vivid reflection 0 A. Vghe from n fro Gren regions 
aud that the reduction of thoſe ts is to 'be dba td their 
being, expoſed, to the ſun. * In. 1 3 year 1781, p "the fourh p polar 
ſpot was extremely large, which. we might well or yi Ek 


that pole had but lately been Meölrel in a ny e Yvelye. 


iti conſiderably ſmaller than before, and i it geersaſed dntienibly 


ne... 1106 very krest accuracy de rehulxed, zwe lay adi 38. 10? 84 * 3 
Slate of Gur écliptie, which vill ac ones geduce it to what, it ſhould be called on 
tbe: orbit of Mars, and will always be rar within a minute. e 
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when alternately expoſed to the Tun, 1 may Well be perinitted 
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Fre the 20th of May till about the middle of. September, | 
when it ſeemed to be at a ſtand. During this laſt Period . | 
fouth pole had already been above eight months enjoying the 
benefit of ſummer, and ſtill continued to receive the ſun- beams: z- 
though,. towards the latter end, in fi uch an oblique direction as 
to be but little benefited by them. On the other hand; in 
the year 1781, the north polar ſpot, which had then been its 
twelve-month in the ſun-ſhine, . and was but lately returning 
to darkneſs, appeared ſmall, though undoubtedly increaſing 
in fize. Its not being viſible in the year 1783 is no objection 
to theſe phenomena, being owing to the poſition of the axis, 
by which it was removed out of ſight ; ;; moſt probably, in the 
next oppoſtion we ſhall ſee it renewed, and of conſiderable ex- 
tent and brightneſs; as, by the poſition of the axis of — n 
the ſun's ſouthern declination my then. dap more than 625. 
— that ** | u ldi 
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when two familiar inſtances in Jupiter and the earth, as well 
a-the knowndaws of gravitation: and centrifugal force of ro- 


tatory bodies, lead the way to the reception. of ſuch doctrines. 
So far from creating: difficulties.or doubts, it will rather appear 


fngular, that the ſpheroitical. form, of this planet, which the 
following obfervitions-will: eſtabliſh, has not already been no- 
ticed by former aſtronomers; and yet, reflecting on the general 
appearances of Mars, we ſoon find that opportunities for making 
obſe rvations on its real form cannot be very frequent: for, 


when 1 it is near ehough to view it to an advantage, we ſee it 
6 a generally. 
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generally g gibbous, and its oppoſitions are fo ſcares; and of fo 
ſhort a duration, that in more than two years time we have 
not above three or four weeks for ſuch obſervations. Befides, 
aſtronomers being already uſed to ſee this planet generally 
diſtorted, the ſpheroidical form might eaſily be overlooked. 
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| 5 | Obſervations relating to the polar flattening 27 Mars. 


J 7b, Sept 25. 9h. 500. 1 can plainly ſee that the equatorial 
| diameter of Mars is longer than the polar. Meafure 
of the equatorial diameter 21” 53”; of the polar 
diameter 21” 15 full meaſure, that 1s, certainly not 
too ſmall. The wires were ſet as outward tangents 
to the diſk, and the zero, as well as the meaſures, 

| were taken by the Jight of Mars. 

Sept. 28. 14 h. 25'. I ſhewed the . of the 
polar and equatorial diameters of Mars to Mr. WII 
soN, Aſſiſtant Profeſſor of Aſtronomy at Glaſgow. 

le ſaw it perfectly well, ſo as to be entirely con- 

vinced it was not owing to any defe& or diſtortion 
occaſioned by the eye lens; and, becauſe I wiſhed 
him to be ſatisfied of the reality of the appearance, 
while he was obſervin g. I reminded him of ſeveral 
well known precautions; ſuch as cauſing the planet 
to paſs directly throu gh the center of the field of 
view, and judging of its figure at the time when it 
was moſt diſtinct and beſt defined, and fo forth. 

Sept. 29. I ſhewed the difference of the polar and equa- 
torial diameters of Mars to Dr. BLAGDpen and Mr. 

Aurxr. Dr. BLA6DEN not only ſaw it imme- 

| diately a 
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diately, but thought the flattening almoſt as much 
as that of Jupiter. Mr. AvzzrT alſo ſaw it very 
plainly, ſo as to entertain no manner of doubt about 
the appearance. | 
As we cannot take too many opportunities of confirming 
our own obſervations by the eyes of other obſervers, I eſteemed 
it a very fortunate circumftance to have the honour of a viſit 
from theſe gentlemen at fo particular a time, Mars being, this 
day within 37 hours of the oppoſition, and yeſterday when 
Mr. Wirson ſaw it,” within about two days and a half. 


1783, Sept. 30. 10 h. 52/. The difference in the Mines of 
Mars is very evident and 3 — 

Meaſure of the equatorial diameter 22” 9“ with 278. 
Second meaſure - 232“ 31“ full large. 
Polar diameter very exact 21" 26”. 


oa. r. ro h. 500. I took meaſures of the 6 of Mars. 


| with my 20-feet refletor. The equatorial meaſured 
103 parts of che micrometer ; the polar 98. The 
value of the diviſions. in. ſecands and thirds not being 
well determined, on account of ſome late change in 
the focal tength of the ſeveral 20-fett object metals I 
uſe, we have only from theſe meaſures the propor- 
tion of the diameters as 103 to 98. 
13 h. 157. Every circumſtance being firvounble, I took 
the following meaſures of the diameters of Mars 
with my 7-feet reflector, and a. diſtin power of 
Wn 
Equatorial diameter 22” 12” narrow meaſure. 
2 22 46“ rather full. 


n 
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Polar 
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. | Polar diameter an” 24 4 4 

55 21% 3 "6 very call. 

1 fave Mars erfetly well all the time I meaſured, wht 

all its figures upon the diſk appearing diſtinctly; and, 

I think, theſe meaſures may be depended upon ver 

' - than any I have yet taken. 

41783, OX 5. 44h.o'. The difference of the diameters i is s very 
„ 

Oct. 7. 9 h. 43. The fattening of the poles” is very 
viſible. 

13 h. 400. I turned my Newtonian 5 feet reflector one 

quarter round, ſo as to bring the place to look in at to 

the bottom; and, as. well as the uneaſy poſture 

"would allow, I ſaw the flattening of the poles the 

ſame as when I looked in at the fide ; power 460. 

14h. 300. With a 34 feet 3 teleſcope aud a 
fingle eye lens, I ſaw the difference of the polar and 
- equatorial diameters very: plainly. s 

Oct. 9. 8 h. 40“. I turned my reflector go? LY ſo's 

now to look in at the upper end, but ſaw not the 

leaſt difference in appearances; for, returning it again 

immediately to its uſual poſition, in both caſes the 

equatorial diameter appeared a little long ger than the 
other; power 278, and the evening fine. 

I turned the great ſpeculum one quadrant in its cell, 
but appearances were not in the leaſt altered ; the 
equatorial diameter ſtill was a little longer than the 
polar one. 


Ttried a very fine new object ſpeculum, and found alſo 


'> be 


'the equatorial diameter a little longer than the polar 
one. 


1783, 


th 3 oa. 9. 10 h. 47”. The flattening at the poles very viſible. 


f 11 h. 327. Mars viſibly flattened, but not much; the 
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Oct. 10. 9 h. 55/. A little of the polar flattening is vi- 


ſible, ſo as to admit of no doubt; power 460, "_y 
diſtin. 


achromatic ſhews it alſo. 
11 h. 42. The diſk of Mars is viſibly ſpheroidical. 
Oct. 11. 7h. 37”. Mars is plainly gibbous, therefore 
meaſures and eſtimations of the diameters muſt for 
the future be improper. 
11 h. 127. It is rather difficult to ſay of what ſhape 
Mars is now, for it is partly flattened and partly gib- 
bous; but the gibbous fide not being quite in the 
polar direction of Mars, this produces altogether an 
odd mixture of ſhapes : however, upon the whole, 
the E diameter is ſtill rather the ſmalleſt. 


1 I h. 130. The preceding fide of Mars ſhews the flat- 


tening of the poles, while the * is termi- 


12 Dated by an 2 arch. 


. 12. 11 h. 12“. The flattening upon the whole is 
viſible. 


OR. 1 7. 1 13 h. 7. The effect of gibboſity is ſcarcely 


equal to the flattening; or, upon the whole, the 

planet is ſtill rather broader over the equator than 

over the poles. 

Nov. 1. 7 h. 560. The ſemi-diſk, which is full, is evi- 
dently part of an oblate ſpheroid ; but, to an eye not 
attentively looking for it, and knowing the ſhape and 
exact ſituation of the poles of Mars, this would 
probably not appear. 
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755. Nor. to. 9 b. 30 The gibbofity of Mars is now fuch, 
that the polar diameter is conſiderably lenger than the 

_ equatorial; but the deficiency not being exactly from 
pole to pole, makes the diſk of a crooked, irregular 
figure, and renders precifion in this eſtimation impoſ- 
fible ; otherwiſe the phaſe of Mars would have made 
a pretty good micrometer upon the equatorial diame- 
ter, and it was with ſueh a view I had directed my 
attention to this eireumſtance: appearances, how- 
ever, are viſibly in favour of the your ny 8 

| * * * e 


We find that the quick alterations in the vrſible diſk of Mars, 
during the time it is in the beſt fituation for us to obſerve i it, 
are fuch, that if we were to uſe many meafures which have 
been taken of its diameters, we fhonld be obliged to have re- 
courfe to a computation of its phaſes, un order to make proper 
allowance for them. Now, fince theſe changes are in a longi- 
tudinal direction, and the poles of Mars are not perpendicular 
to the ecliptic, it would bring on a calculation of ſmall quan- 
tities, which it is always beſt not to run inta where it can be 


avoided. For this reaſon, I fhall at once fettle the proportion 


of the equatorial to the polar diameter of this planet, from the 
meafures which were taken on the very day of the oppoſition. 
I prefer them alſo on another account, which is, that they were 
made m a very fine, clear air, and were repeated with a very 


high power, and with two different inſtruments, of whoſe 


faithful repreſentation of celeſtial objects, the many obſerva- 


tions on very cloſe double ſtars 1 have made with them have 
given me very evident proofs. 
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As we are at preſent only in queſt of the proportion of dne 
diameter to the other, the meaſures of the 20-feet- teflector, 
though not given in angular quantities, | will equally ſuffice for 
the purpoſe. By them we have the equatorial diameter to the 
polar as 103 to 98, or as 1355 to 1289. I have turned the 
proportion into the latter numbers by way of comparing them 
the better with the meaſures of the 7-feet reflector. By that 
inſtrument the equator of Mars, Oct. 1. we find, was mea- 
ſured three times ; but from the remarks annexed to the dif- 
ferent reſults, I think the third meafure ſhould be uſed, In- 
ded, on taking the difference of the two firſt. which is 34; 
and dividing by three, we have the quotient 113%; then, 
allotting two-thirds to the firſt, becauſe the remark ſays poſi - 
tively © narrow meaſure,” it becomes 22” 34%”, and taking 
one-third from the ſecond, which is expreſſed doubtfully, 
rather too full,” it becomes 22” 35 : this reflection on 
the two firſt meaſures gives additional validity to the third, 
which is 2235”, or 1355. The polar diameter was meaſured 
twice; and as no reaſon appears againſt either of the obſervations, 
I ſhall take the mean of both, which is 21“ 29“, or 1289; 
fo that by theſe meaſures the equatorial diameter of Mars is to 
the polar as 1355 to 1289. A leſs perfect agreement between 
the proportions of the diameters arifing from the meaſures of 
the 20 · feet reflector and thoſe which we have juſt now deduced . 
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| from the 1-feet, would have been ſufficient for our purpoſe, as 


we might eaſily have excuſed one or two thouſandths of the 
whole quantity; however, we have no cauſe to be diſpleaſed 
with this coincidence, though it ſhould in part be owing to 
accident, and therefore ſhall admit the above proportion, and 


proceed to a farther examination of it. N . 
Nn 2 In 
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In the zelt place, it will be neceſſary to ſee whether any © cot 
e des be required on account of the different heliocentric and 
geocentric ſouth latitude of Mars; which would apparently 
compreſs the polar diameter a little, by the defect of illumina. 
tion on the north. On computation we find, that a difference 
ariſing from that cauſe would give the longitudinal diameter to 
the latitudinal as 20000 to 19987 ; which being much leſs 
than one thouſandth part of the whole, may therefore be 
neglected. os 

But next, a very conſiderable correction muſt be admitted, 
when we take into account the poſition of the axis of Mars. 
The declination of the ſun on that planet, at the time the 
meaſures were taken, was not leſs than 27 ſouth; ſo that the 
poles were not in the circumference of the diſk by all that 
quantity. On a ſuppoſition then, that the figure of Mars is 
an elliptical ſpheroid, we are now to find the real quantity of 
the polar diameter from the apparent one. It has been proved, 
that, in the ellipſis, the excefles of any diameters above the 
polar one are as the ſquares of the coſines of the latitudes * ; 
but the diameter at rectangles to the equator of Mars, which 
was expoſed to our view in the late oppoſition, was not the 
polar one, but ſuch as muſt take place in a latitude of 6F. 
Putting therefore m = coſine of EP" a=1355, b=1289, x= 


the polar axis, we have 1: *:: a- X: b -A. And — 
| 1—m* 
which gives us 1272 3 for the polar diameter. The true 
proportion, therefore, of the equatorial to the polar diameter 
will be as 1355 to 1272; which, reduced to ſmaller but leſs 


accurate numbers, is 16 to 15 nearly. 


* Aftr, par M. DE LA LAxpE, 5 2680. 
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4: ſhalt now alto mention ſome of: the 1 W but 5 
with a view only to ſhew that they are very conſiſtent with the 
above determination. From thoſe of the 3oth of September, 
for inſtance, we collect the proportion of the diameters of 
Mars as 1340 to 1286; or, reduced to our former numbers, 
1355 to 1300. Now, ſince theſe meaſures were taken the 
night before the oppoſition, they muſt on that account be as 
good as the former; and, had thoſe of the day of oppoſition 
not been preferred, becauſe they were oftener repeated, and 
the ſuperior power of the 7, and great light of the 20- feet 
reflector, gave them additional weight, I ſhould have taken them 
into the account; the very ſmall difference, however, cannot 
but ſtrengthen the reſults of the former meaſures. 
From the obſervations of the 25th of September we have 
the proportion of the diameters as 1313 to 1275; and if the 
equatorial meaſure be increaſed in the ratio of 20000. to 1995 3, 
on account of the different heliocentric and geocentric longi- 
tude, Mars not being at the full, it will give the ratio of 1316 
to 1275; or, conforming to our former numbers, as 1355 to 
1312. I have not been very ſtrict in the application of the 
correction deduced from the phaſes of Mars, ſince no other 
uſe was intended to be made of theſe numbers than merely to 
ſhew, that they do not very greatly differ from thoſe we have 
aligned before. 


e If more ſtrictneſs be required, let EC, fig. 32. be the ecliptic; PS its poles; 

5 the poles of Mars, and eq its equator. Then, the angle pm C being found, by 
calculation, we ſhall have Cm (radius) to cm (coſine of the difference between 
the heliocentric and geocentric longitude) as qv (fine of the angle qgmv or pmC). 


10 ov. Then, fince with Mars Cc can never be very great, the ſmall triangle 
4*⁰ may be taken for fimilar to un; therefore gm (radius) is to qv (fine of 
pmC) 


7 
a a 
* 
4. 
ov 
* 
. 
my 
X 
2? 
a, 
— 
1 
1 
L o 
— 


Bf * —_ * at p s ed - TOI 2 ; 
"OW TEN. © * 4 *r ” .* 00 _ KP" «> * y » a 
- P ku * - - 4 Ss a 
4 * 
* 
* 
o þ & 
* 


-% MM.. ene hg 
t. a obſerved, Oct. 15 3785, that che 1 
ter of Mars was ſtill greater than the notwithſtanding 
the depredation of the defect of light upon it. On calculating 
the phaſes, we find, that the longitudinal diameter was, that 
day, to the latitudinal one as 19711 to 20000, which therefore 
could not be an equal balance to oppoſe the —— n 
ſo as to render it inviſible. 
But, Nov. 10. the proportion of the longitudinal dee 
to the latitudinal one, from a computation of the phaſe of 
Mars, muſt have been as 18762 to 20000; and accordingly it 
was by obſervation found to be more than ſufficient to take off 
all appearance of the polar flattening, and leave a viſible exceſs 
in the axis above the equator. 
To obviate any. doubts concerning a fallacy that night ai 
from the convexity of the eye-glaſs, or irregular ſhape of the 
ſmall ſpeeulum, I need only refer, for the latter, to the expe» 
rimerits of the yth and gth of October, 1783: for ſhould the 
ſhort diameter of my ſmall plane ſpeculum have occaſioned. 2 
compreſſing of the polar diameter of Mars when expoſed to it; 
Half a turn of the teleſcope muſt bring the other diameter of 
that ſpeculum into the ſame fituation, and a contrary effect 
would have followed. With regard to the former, not only 
the experiments made with the achromatic, but principally the 
obſervation with the 20-feet reflector, where I uſed a com- 
pound eye-piece magnifying only about 3oo times, will ſuffi- 
ciently exculpate the eye-glafſes. It is alſo well known, that 
in a ſingle lens the diſtortion of the images, if any ſuch there 


pmC) as go (=qv—vo) to gn; which is the required correction or deficiency 
of the equatorial diameter eq of Mars. 3 

Or, porting mC=1 and vg =m= coſine of the angle Pp, it will be 
n= C. 


7 ſhould 


er the Planer Mary © on 
"ts. th la aGect the wires of the microrheter, 


eye-picce | uſed with the 20-feet refleftor had like wiſe the ſame: 
advantage, for it 15 conſtructed on the plan lately propoſed by 
Mr. Ramey in the Philoſophical Tranfaftions*, which he 
was ſo obliging as to communicate to me about a tweltve-month- 
ago, and which I — adapted to my large micro 
meters. 

On the ſubject of the figure of Mars I ought. to remark. 
alſo, that perhaps the meafures which were taken of its dia- 
meters during the laft oppoſition will enable us to aſcer- 
tain its real fize with greater accuracy than has been done 
before. The micrometer which can di{tinguith with preciſion 
between the equatorial and polar diameters of this fmall pla- 
net, will certainly be admitted as an evidence of conſiderable 
conſequence ; and fince the refult of theſe meaſures is pretty 
different from what former * give us, I ſhould not 
omit mentioning it. 
We have ſeen that the equatorial 88 on the day of 
the oppoſition, meaſured 22” ᷣ 35. The diftance of Mars 
from the earth at that time was. 40457, the mean diſtance of 
the earth from the ſun being 1; therefore, 22" 35” reduced 
to the fame diſtance will be na more than 9“ 8“. 

I ſhall conclude this fubje&t with a confideration relating to 
the atmoſphere of Mars. Dr. SwrTa + reports an obſervation 
of CassInT's, where © a ſtar in the water of Aquarius, at the 
« diſtance of ſix minutes from the diſk of Mars, became ſo 
* faint before its occultation, that it could not be feen by the 
„naked eye, nor with a 3-feet teleſcope.” It is not men- 


* Vol. LXXIII. p-. 94+ 
t Optics, 5 1096. KC 
- tioneE 


and gie z true meafure notwithftanding ; and the compound 


Mr. Hunicerer/ 8 — 5 


tivined what was the magnitude of the ſtar; but, Bom che 
circumſtance of its becoming inviſible to the naked eye, we 
may conclude, that it muſt have been of the ſixth or ſeventh 
maghitude at leaſt. The reſult of this obſervation would in- 
dicate an atmoſphere of ſuch an extraordinary extent, ſince at 
the diſtance of 36 ſemi-diameters of the planet it ſhould ſtill 
be denſe enough to render ſo conſiderable a ſtar inviſible, 
that it will certainly not be amiſs to give an obſervation or 
two which ſeem of a very different import. 


1783, Oct 26. There are two ſmall fixed ſtars preceding Mars, 
of different ſizes; with 460 they appear both duſky 
red, and are pretty unequal; with 278 they appear 
confiderably unequal. The diſtance from Mars of 
the neareſt, which is alſo the largeſt, with 227 mea- 
ſured 3“ 26“ 20/”. Some time. after, the ſame 
evening, the diſtance was 3 8” 55“, Mars being 
retrograde. I ſfaw.them both very diſtinctly. I 
viewed the two ſtars with a new 20-feet reflector of 

18,7 inches aperture, and found them, as I expected, 
very bright. 

f1 OR. 27. I fee the two ſmall ak again. The ſmall 
one 18 not quite ſo bright in proportion to the large 
-one as it was laſt night, being a good deal nearer to 

Mars, which is now on the fide of the ſmall ſtar; 
but when I draw the planet afide, or out of view, I 
ſee it then as well as I did laſt night, The diſtance 
of the ſmall ſtar meaſured 2 56“ 25“ *. 
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»The meaſures were accurate .enough for the purpoſe, though not otherwiſe 
to be depended on nearer than, perhaps, fix or eight ſeconds, 
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The largeſt of the two ſtars on which the above obſerva- 
tions were made cannot exceed the twelfth, and the ſmalleſt the 
thirtecenth or fourteenth magnitude; and I have no reaſon to 
ſuppoſe that they 1 were any otherwiſe affected by the approach 
of Mars, than what the brightneſs of its ſuperior light may 
account for. From other phænomena it appears, however, 
that this planet 18 not without a conſiderable atmoſphere ; 
for, beſides the permanent {pots on its ſurface, I have often 
noticed occaſional changes of partial bright belts, as in fig. I. 
and 14.; and alſo once a darkiſh one, in a pretty high lati- 
tude, as in fig. 18. And theſe alterations we can hardly 
aſcribe to any other cauſe than the variable diſpoſition of clouds 
and Yapours floating in the atmoſphere of that planet. 


Refult of the contents of this paper. 


The axis of Mars i is inclined to the ecliptic 59 42'. 

The node of the axis is in 1 7 47 of Piſces. 

The obliquity of the ecliptic on the globe of Mars 1s 287 az; 5 

The point Aries on the martial ecliptic anſwers to our 195 28 

of Sagittarius. 

The figure of Mars is that of an oblate ſpheroid, heh equa- 
torial diameter is to the polar one as 1 355 to 1272, or as 
16 to 15 nearly. 

The equatorial diameter of Mars, reduced to the 1 mean diſcs 

of the earth from the ſun, is 9“ 8”, 

And that planet has a conſiderable but 3 2 hers, 
ſo that its inhabitants probably enjoy a fitpatann.; in | any 
reſpetts ſimilar nnn. e rods n 3 


: Datchet, Dec. 1, * hoes w. HERSCHEL. 
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xx. AF tas 17 the Teeth f the Anarrhichas Lupus 
Linnæi, and of thoſe of the Chætodon nigricans of the ſame 
Author ; to which is added, un Attempt to prove that the 
| Teeth of cartiloginous Fiſhes are perpetually rencwed. By Mr. 
William Andre, Surgeon ; communicated ” Sir Fr * 
Bart. P. R. S. 


| . Read March 18, 1784. 5 | 


HE amazing variety there is in the external form of 
fiſhes muſt be obvious to a common. abſerver ; and who- 
ever examines will be convinced, that the fame variety pre- 
vails in their internal ſtructure. No parts, perhaps, afford a 
more convincing proof of the laſt aſſertion than the teeth of 
| fiſhes. To adduce a few ſtances, let us only recollect the 
*  ttiberculated teeth in the 'thorn-back ; the triangular ſerrated 
teeth in the ſhark ; the ſlender flexible teeth in the 0hurvodontes, 
or \angel-fiſhes. There is not only a difference of their form, 
but alfo in the ſubſtances ef which they are eompoſed; ſome 
being of a ſoft horny nature; others made up of bone; others 
of that ſubſtance we call enamel in the teeth of quadrupeds; 
and ſome having the apparent hardneſs and tranſparency of 
etyſtal. We may alfo notice their uncommon ſituation; many 
Fiſhes having teeth not only in-their jaws, but on the tongue, 
the palate, and about the fauces. 
To illuſtrate in ſome degree this part of . hiſtory, I 
ſhall deſcribe the teeth of the Anarrhichas Lupus, or Sear 
wolf, aud thoſe of the Chætodan nigricans, a ſpecies of 
Angel- 
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Angel- fin. The former have been but imperfectly deſcribed, 
and: never repreſented diſtin from the fiſh, without which it 
is impoſſible to have any exact idea of their difpoſition, num- 
ber, or form, while the true ſhape and compoſition of the 
latter, from their minutenefs, have been entirely overlooked. 
I ſhall then attempt to prove, that a continual renovation of the 
teeth takes place in cartilaginous fiſhes. 

Trwz SEA-wory is a fietce and ravenous fiſh, as its name 
imports, found in the northern parts of the globe, where it 
frequently grows to the length of four feet and upwards. 

The jaws of the Wolf-fiſh are made up of ſeveral bones, to 
each of which a greater or leſs number of teeth are affixed; 
but, before I enter upon the deſcription of them, I ſhall take 
notice of the palate (marked A. tab. XI.), that being a kind 
of baſis or ſupport to the other bones, to which they are all 
more or leſs connected. The palate is a thick and firm bone 
united above to the bones of the cranium and noſe, aud ending 
below in & flat oval furface, on which are incruſted about 
twelve or thirteen ſtrong, blunt, and rather flat teeth of the 
molar or grinder kind. The external edges of the teeth are 
the moſt prominent; by which means a hollow is formed in the 

middle of the palate. 
The upper jaw is compoſed of three 8 two of which 
(BB) are placed laterally, forming the ſides of the upper jaw, 
and the third (C) anteriorly, making the fore-part of the jaw. 
The third bone may be divided through its middle into two 
portions; but ſince it has the appearance of one bone only, 
the connection being very firm, I ſhall deſcribe it agreeably to 
that appearance, to prevent needleſs diviſions. 

The ſide bones of the upper jaw have nearly the ſhape of an 
italic . At their poſterior ends may be obſerved a ſmoath 
Qo2 = 


row of four or five blunt and rather flat ones. Theſe bones are 
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articular ſurface, for their connection with a fimilar ſarface on 
the poſterior extremities of the lower jaw; and on their ante- 
rior ends there are two rows of teeth. - The external row con- 
ſiſts of three or four ſharp or conical teeth; and the internal 


connected to the palate and bones of the noſe by looſe u 
* ligaments. 

The third bone of the upper jaw, which may be called the 
anterior or naſal portion, is of a triangular. form, connected 
above to the bones of the noſe, and ending below in a flat ſur- 
face, thick - ſet with ſharp conical teeth. The external teeth, 
about four in number, are large and ſtrong, and bend a little 
inwards ; but the internal ones are ſmall, and nearly ſtraight, 
of which we may reckon about ten. 


This bone is connected above (as I have before obſerved) to 


the bones of the noſe; between which a complete joint is 


formed, of that kind called by anatomiſts ginglymus, that is, 
where the projecting parts of one bone are received by cor- 
reſponding cavities in the other. Like other articulations, it is 
furniſhed with a capſular ligament, and no doubt an apparatus 
for the ſecretion of noa. Although a joint exiſts between 
this bone, and thoſe of the noſe, yet no muſcles are provided 
for its motion, which depends entirely upon the reſiſtance made 
by thoſe hard bodies which the animal takes into its mouth. 
The lower jaw (D) conſiſts of two bones, united at their 
fore-parts by a ſtrong ligament, which allows of ſome motion. 
On their anterior extremities are placed fix large and as many 
{mall ſharp and conical teeth; the large teeth are placed exter- 


_ nally, and their points are bent a little inwards; while the 


{ſmall ones, which ſtand within them, are nearly ſtraight. 
Behind theſe are two or three rows of grinder teeth. The 
I | external 
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aternal teeth ſtand nearly upright; ; but the internal ones are 
placed obliquely, inclining towards each other. | 
The teeth are formed of a hard bony matter, not covered 
with enamel as in ſome animals; nor is there an equal diſtri- 
hution of enamel and bone as in ſome others. They are not. 
ixed in ſockets, but are faſtened to the j Jaws in the ſame man- 
zer as the epipbyſes are united to tlie bodies of the bones in 
young animals. | 
From the foregoing deſcription it with appear, that the ante- 


break down. the hard ſhells of lobſters, crabs, muſcles, ſcol- 
bps, &c. which this animal is known to feed upon. The ex- 


higher than thoſe placed within them, a hollow is formed. 


mimals, &c. are confined during their compreſſion between 


divided among a number of bones. 


eir 
„n. the production of the Sea-wolf alone, ſince they may originate 
ny from all thoſe fiſhes which have flat teeth in their palate or 


he | the appellation of Palais fave. 


* Pinax. Rerum Naturalium Britannicarum.. 


nor ſharp teeth of the Sea-wolf are admirably calculated for: 
ſizing its prey, while the poſterior grinding teeth ſerve to 
ternal. teeth on the ſides of the upper and lower Jaw being 
above and below, in which the convex ſhells of cruſtaceous. 
the jaws, which is effected by the action of ſtrong muſcles: 
placed on the ſides of the head. The jaws being made up of a 
number of pieces, and connected by looſe ligaments, a freedom 
of motion is allowed. and the colliſion or ſhock ariſing from 
the comminution of hard bodies is ſo much the leſs by being 
MEerRET informs us *, the /apts bufonites are the flat grinder : 


teeth of this fiſh petrified. But certainly theſe foſſils are not 


Jaws; a ſtructure which the French naturaliſts diſtinguiſh by 


Or- 
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Or Tax CnaTODON NIGRICANS. 


The individual which furniſhed the following account was 
brought from the Weſt Indies, and meaſured about five inches 
in length *. Its teeth (the only. parts I mean to deſcribe) 
were ſo ſmall as to require the aſſiſtance of a microſcope to 
diſcover their real ſhaye. There were fourteen teeth in each 
jaw, ſeven. of which from the upper one are repreſented 
tab. XII. They conſiſt of a cylindrical body fixed in 
the jaw, above which they ſpread out into a broad and 
rather flat ſurface, on the edges of which are twelve or thir- 
teen denticuli, making. an uncommon appearance, and totally 
different from the teeth of any other animal. Another ſingu- 
Iarity is their being tranſparent, unleſs viewed. with a deep 
magniher, when a few opaque lines may be perceived, which 
point out the. cellular part of the tooth through which the 
blood veſfels ramify, which are. deſtined. for its growth and 
nounfhment. They are not all of the ſame length. Thaſe in 
the anterior parts of the jaws are the longeſt, from whence 


they gradually diminiſh in length as. they approach the. 200 
of the mouth. 


From the foregoing deſcription of the teeth of the Chætoden 


nigricans, this fiſh ſeems. to be miſplaced in the Syſema Nature 
of Linxzus ; ſince one generic diſtinction of the Chetodontes 
is to have numerous, ſlender, and flexible teeth; whereas the 
teeth. of the Chætodon nigricans are few in number, placed in 
one row, and of a cryſtalline hardneſs. 


* This fiſh is well repreſented in Dv Hanz L Traits général des Peſches, 
tom. III. ſeconde partie, ſection IV. planche xii, under the name of Chirurgien 
ow Porte Lancette. 


7 .- 


priſed to find a great number of them placed on the infide of 
each jaw, lying cloſe to the bone, and many of them buried 
in a looſe ſpongy fleſh; concluding that theſe internal teeth 


— 


Teeth of Cartiloginous Fiſhes 


wa . - 


Or THE TEETH OF CARTILAGINOUS FISHES. 


When Srans. cumined the teeth of ihe Mark, be was Re 


could be of little or no uſe to the animal. Mr. HerrssanT *® 
ifterwards ſhewred the uſe of theſe internal or poſterior teeth, 
by proving, that as the anterior teeth of each row are broken 
of, drop out, or wear away, the poſterior ones come forward 
to ſupply their places +. 
But though it be certain that the anterior teeth, when loſt, 
xe replaced by the poſterior ones, neither of the above natura- 
liſts, or any other that I know of, have attempted to aſcertain 
how often this circumſtance happens. Whether the renova- 
tion be perpetual during life; or whether that operation be ſuſ- 
pended after a limited number of teeth have been ſupplied. 
From a ſingular circumſtance, which I met with ſome 
time ago, I am inclined to think the former is the fact; or, 


that in cartilaginous fiſhes, fuch as ſharks, rays, &c. there is 


a perpetual renovation. of the teeth. 
Being engaged in diſſecting the jaws of a very large ſhark, I 
was ſurpriſed to find a portion of that ſharp, bearded bone 


found in the tail of the fire-flaire, or ſting-ray , driven quite 


* Bonart Dictionaire d'Hiſtotre:Naturelle, article Requien, 

+ It may not be improper on this-occafion to point out a miſtake which ſome 
naturaliſts have fallen into, in allowing a ſet of muſcles for raiſing the numerous 
teeth placed in the jaws of ſharks. I have frequently diſſected the jaws of thoſe 
animals, and am certain no ſuch muſcles exiſt, nor are they indeed at all neceſſary. 

t Rata Paſtinaca LI HEI. The Freneh naturaliſts, on aceount of the bone 
in the tail, call this fiſh Rate Baiennette . 

through 
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Aeon gh the lower jaw among the poſterior - teeth, and fixed 
almoſt immoveably.  How' this happened muſt be — to 
every one. , (See the figure, tab. XIII) . 

Before I proceed, it will be neceflary t to "obſerve, firſt, that 
1 "the p poſterior teeth of cartilaginous fiſhes are always found in 2 
j "F "Gs membranous ſtate, and but imperfectly formed; notwith. 
Nanding this, they have the whiteneſs of teeth from a ſmall 
quantity. of calcareous earth already depoſited within their ſub- 
ſtance. Their hardneſs and perfect form is acquired as they 
advance towards the anterior parts of the jaws. Secondly, 
that of the three angles in each tooth of the ſhark, one 15 
placed towards the, right, another towards the left, and the 
'other, which i is in the middle, and the moſt acute angle, is 
directed inwardly towards the tongue or fauces. They are 
placed then in ſuch a manner as that the angles of the teeth on 
the left- ſide in one row, approach the angles of the teeth on the 
right-ſide in the next row. Thoſe teeth which ſtand on a line 
from without inwards, I call a row ; not thoſe which are placet 
nearly in a parallel line from one fide of The mouth to the 
'other. 

The ſharp bone of the ſting-ray was fixed in the lower jaw 
between two rows of teeth, and at their poſterior part, where 
the firſt rudiments of the future teeth are formed, and it will 
be clear to every one, particularly thoſe who are converſant i in 
ſuch matters, that this could not have happened without pro- 
ducing a great deal of pam, ſwelling, and diſorder in the part 
| "where it was fixed. It is unneceſſary to enumerate the dif- 

ferent kinds of miſchief this might occaſion. Let it ſuffice to 
obſerve, that on account of the ſpace taken up by this extra- 
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i neous body, the teeth on each ſide of it, for want of room, could bo 
| never after be perfectly formed. The teeth on the left- ſide Ks 
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ranting their angles to the right, and the teeth on the right- 
fide being daſtitute of their angles. to the left. 

As it is certain, that the anterior teeth were formerly poſte- 
rior ones, and as the teeth in each row were all deficient in one 
angle, it follows, that they muſt have been formed poſterior to 
the inſertion of this extraneous body. Again; if we allow 
chat before the accident the animal was in poſſeſfion of perfect 
teeth, it follows alſo, that they were conſumed! and en 
by ĩmiperfect ones. ; 2 f 

There were ſix teeth in each row, and: fifty: two rows, 
making together about 312 teeth. Now allowing the con- 
ſumption to have been equal in all parts of the jaws, it fol- 
lows, that the animal had already cenſumed 312 teeth, and 
was in poſſeſſion of a like number for future conſumption. 

The teeth of ſharks, rays, &c. may be divided into active 
and paſſive. The active teeth are the anterior ones of each 
row, ftanding with their points upwards. The paſſive teeth 
are the remaining ones, lying one upon another, like the tiles 
upon a houſe (imbricated), with their points downwards. It 
appears from the foregoing ACCount, that the anterior or active 
teeth had been replaced ſix times; and that they might have 
been renewed fix times more, making zin all twelve times. 
From which, I think, we may reaſonably conclude, that this 
does not happen any preciſe number of times; but that the 
renovation is perpetual during the life of the animal. 

The longevity of fiſhes is a fact pretty well eftabliſhed. In | 
addition to this part of natural knowledge, I have endeavoured | 
to prove, that a part of the inhabitants of the great deep re- 
ad tain, in the article of teeth, a perpetual juvenility, being appa- | 
rently utter ſtrangers to edentulous old age. 
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Tab. XI. The jaws of the Wolf · fiſfi. 
eee 

BB. The fide bones of the upper jaw. 

C. The anterior or naſal 
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Tab. XIII. Part of the lower jaw of a Large 


BB. Two rows of imperfect ones. 
C. The bone of the ſting- ray. 


- 


. 


portion of the fame. 
Tab. XII. The teeth of the Chetodon nigricans. magnified. 


AA. Two rows. of perfect teeth. 
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XXI. Abftraf of a Regi iter of the "Baromier, T bermometer, | 
and Rain, at Lyndon, in Rutland, 1783. By Thomas 
Barker he: 3 communicated * Thomas White, Es. F. R. S. 
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Read March 18, 10. 
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| "Barometer. + Thermometer. 
| 7 In the Houſe. ' Abroad. 
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The year began with a ſhort dry froſt, then ſhowery, inter- 
mixed with froſt. The end of January, and near half of vo 
bruary, ſtormy and wet, and after ten days fine and mild; 

ſevere ſeaſon for ſnow, wet, wind, and froſt. The end of Fe F 


bruary and beginnivg of March cut tlie TA corn, and ſtock, 
more than: alt the winter-before.- From March 10. to May 27. 


was a very dry ſeaſon and fine ſeed-time ;. but fo dry at laſt the 
late ſown. corn. could not come up.. The ſpring was pleaſant ; 
but almoſt: conſtant * froſty 'mornings till April, and frequent 


-- afterward, kept things backward ;. and though there was fome 


| fine warm weather the middle of April, yet later in May the 


drought and N. E. winds ftopped the growth of things; and 
two ſharp froſty nights, May: 25. and 26. the rime was. ſo par- 
ticularly cutting in the meadows, that the young ſhoots on 
many oak and aſh trees in the vallies were entitely killed, while 
thoſe on the hills were unhurt, and? ſome of the tops of the 


trees eſcaped, though the bottoms were blaſted? 


—— . 


May 27. to 30. in a continued three days rain there fell 3} 
inches, which is, I' believe, the moſt that has come in one 


continued unceaſing rain ſince July 1736, when, in about the 


ſame time, there came five inches; but the rain this. May was. 
not alike in all places, for there was not. a quarter ſo much in 
Hampſhire, This rain was of vaſt ſervice to bring up the late 
' fon corn, and make the graſs grow. well; but this and ſome 
other haſty rains. after wards hurt the meadow oraſs, by-flooding. 
it three times. Hot weather ſucceeding, it. was a very growing 
time, and ten days together, in the middle of June, were all 
wet. # | 

During the ſhowery time an uncommon hazineſs began, 
which Was, very remarkable all the reſt, of the ſummer : the. 
air was all th cx both below the clouds and above. them, the: 
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Weather at Lynden, in Rutland. 29 5 | 


hitls looked blue, and at a diſtance could not be ſeen; the ſun 
ſhone very red through the haze; and ſometimes: could not be 
ſeen when near ſetting. There was more or leſs of this haze. 
almoſt conſtantly for a month, and very. frequently tothe end 
of the ſummer, and it did not ceaſe till Michaelmas ;- and-nei- 
ther rain nor fair, wind nor calm, eaſt nor weſt winds, took it 
away; and it was as extenſive as common, for it was the ſame- 
all over Europe, and even to the top of the Alps. This haze: 
was very like Vir1rL's. deſcription of the ſummer: after J. 
Czxsar's death,  which.-was probably the fame _ 0 


* — — 


Cum caput obſeurd nitidum ferrugme texit, 


} | * 


87 a! iron is a very good deſcription of the Galen the fon. 
thone. But by PLuTAaRrcH's account, near the end of C. 
CzsaAR,. that ſummer was- very different from this in other, 
reſpects; for, he. ſays, the ſun gave very, little heat, the; 
air was cloudy and heavy, and the fruits not ripened, which 
was not the caſe this year; for this was a dry haze, the ſum- 
mer.in 1 n in ſome, countries very much; 
ſo. 10 1 35 1 | 

IT think never knew more -maifoliieb done 4 chad. than: 
there was in different places this year, from the beginning; of 
July, and very ſeldom. more or hotter. weather; yet where 
they had nat thoſe. thunder-ſhowers . theyi; ſuffered, by being; 
burnt up. Here we never wanted. graſs after May, and the 
hay and harveſt were both well got in; but in Surrey, Hamp- 
ſhire, and Dorſet, they were very much burnt up, had little 
hay, and as they had a geod deal of ſhowery weather in har- 
veſt, their barley ſuffered twice, from not coming up in time, 
and again in getting it in. As the rain this year was chiefly in. 
ſhowers or ſudden rains, it fell very uncertainly, as appears by 
comparing 


of which was in firſt. The crop of grain was in general 


as the corn laſt year was both ſcarce.and bad; grain, therefore, | 


flower buds on many trees were very tmall and not perfected, 


wall fruit and apples, and exceeding few indeed on aſh- trees 


_ tax another afterward, but little ſeen; 5 but there were Non few 


rather tao dry for the fowing 'of wheat, which, however, in 
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comparing what fell here with that in Hampſhire. The latter 
part of Auguſt and firſt half of September was ſhowery; but 
in this country not ſo much as to hurt the harveſt, a great part 


pretty good, but did not yield enough to make up the defect 
of the laſt year's crop, every body was ſo much out of all forts, 


continaed dear this year, eſpecially barley.  . 
The ſummer 1782 had: been ſo cold ad was that the- 


ſo that this ſpring there was a great want of bloſſoms on the 


and hawthorn. I do not know of any aſhkeys at all, nor any 
bunches of haws, only a few ſcattered fingle ones; but cher- 
ries and plumbs bloſſomed well, and there was no want of 
fruit; plenty of currants, and vaſt quantities of gooſeberries. 

Auguſt 18. a remarkable ball of fire was ſeen between nine and 
ten at night all over England, and even in foreign countries. It 
ſesmed to move from north to ſouth or ſouth-eaſt. There 
was another October 4. but not ſo much obſerved, and ſome 


— 00 O&5* 


northern lights chis autumn. 
- The autumn was a very ſine one; WAY fair, nd mild, dut 


general came up well, and what lay dry was brought up very 
fmely by ten days wet the middle of November; after which 
it was dry and fine again, an open mild time, with few frofty 
mornings ; but a good deal of dark or miſty weather in Decem- 
ber, yet mild till the laſt week, when there came a great ſnow, 
very ſevere froſt, and cutting ſtrong wind, which ended the year. 
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XXIL. On the Periods of the Changes of Light in . 8 . 
Algol. In a Letter from John Goodricke, Efg. to the Rev. 


Anthony Shepherd, D. D. F. R. S. Profeſſor of r = 
Cambridge. 


Read April 1, 1784. 


0 


SI R, ö | York, Dec. 8, 1783, 


s lam now able, by ollating ſome of my late oblerra- 
tions on Algol with thoſe I ſent you laſt May, to deter- 
mine with greater preciſion the periodical return of its changes, 
I wiſh to add this as a kind of ſupplement to that account. 
The method J have here purſued is by taking the intervals 
between accurate obſervations of Algol's leaſt brightneſs or 
greateſt diminution of light made at long diftances of time 
from each other, and dividing thoſe intervals by a certain num- | 
ber of revolutions, as will be beſt underſtood by the table be- 
low. The reafon of my chuſing long intervals is, that the 
number of revolutions being greater, the errors of obſervation 
are thereby diminiſhed : all error cannot, however, as yet be 
excluded, but I think the period is now, by the followiuig cal 
culation, aſcertained within ten or fifteen ſeconds. 


288 Mr. Gooonihee be the] Period 7 the 
Mean times of AlgoPs 

leaſt brightneſs. | | 

1183 EMC: n . ha 7 175 . | 
Jan. 14 9 25 el. f roludons, vo AMER 
. 25: 6. 39 5 eral 0 5 99. TI — f 3 % 49, 1 

an. 14 261 > Gai. 1.1 

ov. 17 Dittd % LEP , 4 Ditto 1 * 2 5 20 9 10 

29 — 14370 

K. i 107 Ditto 2 20 49 2 
= 2 9¹ Ditto 2 20 49 3 


Feb. 9 2 55 | 
itto 
Nov. ö 2 20 
Feb. . 
Ng Ditto f 
Nox. | =." 
2 
Feb. . 
Ditto 2 20 
Feb. 26 3 5 
Nov. | I4 i l Ditto i 2 | 20 | 
Feb. 26 9 5 i 514 oe de a7, | 
itto Ditto 2 20 
/ ach bbs ot a: | 
an. 31 14 29 |. Di a 9 3 a 
| Ditto 400 Ditto 5 
OV. 14 8 171 N 90 as 141 8 43 2 20 49 4 ] 
Mar. 21 B 361. St ab 2 186i" e 11 yo i 
itte 8 Ditto 2 20 
1 29 i 
* Hence the period of Algol's variation is, on a mean, 2 20 49 3 
b 1 3 | | E 18 + 1 ; — ꝗ—2—ͤ— — — 


I é could have added ſeveral more compariſons of the. lik 
kind; but theſe are, I think, ſufficient. It is to be remembered, 
that all the obſervations coutained in the above table are reduced 
to mean time. ' 

It appears to me now, that the duration of the variation i 
about eight hours; but, as it is difficult to hit exactly the be 
ginning and end of the variation, this may occaſion different 
obſervers to differ in this reſpect. Before I conclude, I beg 


: leave to mention a circumſtance deſerving of notice; which 5 
that 


| Changes of Light in the Star Algol. 28g 
that FLAMSTEAD. has alſo amongſt other ſtars obſerved Algol, 
and in two places has marked it of leſs magnitude than at 
other times, viz. of the third magnitude, 1696, January 16. 
6h. 24', and 1711, December 5. 9 h. 13“, both mean time 
and old ſtile *. Suſpecting theſe might probably be days of 
Algol's variation, I computed the interval between them, but 
could not find a period anſwerable to that which I have above 
determined, Upon examining more cloſely the obſervations, 
I find, in that of 1696, he marked at the ſame time the mag- 
nitude of ę Perſet; which, conſidering eſpecially the nearneſs 
of e Perſei to Algol, makes this obſervation to be relied on for 
its juſtneſs, and leſs liable to any miſtake of judgement ; 
whereas the other obſervation of December 5, 1711, is more 
liable to error or doubtfulneſs, becauſe he did not then mark 
the magnitude of þ Perſei, or of any ſtar of the ſame magni- 
tude near enough to Algol. Preſuming, therefore, on the juſt- 
neſs of FLAMSTEAD's obſervation of 1696, to think that it 
probably was made at a time when Algol varied, I compared 
it with one of mine, viz. October 25. 6h. 39', 1783, and I 
find there is, in the interval between thoſe obſervations, either 
11,176 periods, each of 2d. 20 h. 49 18“; or 11,177, each 
of 2 d. 20h. 48“ 56”. The laſt, as it approaches neareſt to 
the reſults of my beſt obſervations, I think, is the exacteſt de- 
termination of the period. This, however, all proceeds upon 
the ſuppoſition that Algol varied at the time of FLAMSTEAD' 8 


obſervation, and alſo that the period i is regular. 


* Hiſtoria Cceleſtis, vol. II. edit 1725, p- 284. and $34» 
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Tbe öllo wing is a ſhort- abſtract of my them fermion on 
Aigl, when ) its eaſt magnitude was accurately determined, 


Auguſt 17, 1783. 


App. une. 

h. 

10 52 1 * to e Perſci, though Algot ſeemed to be 

rather brighter. 
7 Evidently leſs than ę Perſei. 

11 22 Ditto; but rather difficult to 2 them from 

af] each other. 

I 1-30 Rather brighter than.s, and not fo bright as 3 Perſei. 

12 0 About the brightneſs of d Perſei, and rather leſs than 

2 Trianguli. 

12 30 Brighter than 3 Perfei, and rather not ſo bright as 

2 Trianguli. 
From thoſe obſervations, by taking a mean between 
11 h. / and 11 h. 227, it pen. that its leaſt bright - 
neſs happened : at 11 h. 147; true, I think, to 5“. 
| October 2 5. + 
6 40 11 was confiderably | leſs than. 67 Perſei. 
7 5 Ditto. 
7 20 Equal to g Perſei, though Algol ſeemed rather leſs. 
7.35 About equal to ę Perſei. 

7 50 Brighter than , and alſo than 3 Perſoi. 
8 25 About the third magnitude, and equal to [3 Trianguli 
9 35 Between the ſecond and third magnitude ; brighter than 

J Anietis, and father leſs than & Pegaſi. 

10 10 About the ſecond magnitude; rather brighter than « 

Pegaſi, rather leſs than G Caſſiopeæ, and not ſo bright 
as & and y Cathopez: 


q ©; 


3 Rather 


Ghonger , Light.in the Star Ge, d. 
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h. 
10 40 Rather brighter than Þ Caffiopez, but leſs than E and; * 


11 o Nearly equal to, if not rather brighter than, Y Callie 
Bhs Pr, and leſs than « Caffiopee®, 140 
In 200 afterwards it was of the ſame brightneſs; Ne 
we 1 conclude, that the variation has ended at 
11 h. o 8 
Its leaſt brightneſs "OM the ebſetvitions 3 to 
have happened at 6 h. 557; true, I think, to 10. 
November 11. 
10 5 Third magnitude; not much different from « Perſc 
and g Trianguli. 
10 45 Between the third and fourth magnitude; believe equal 
to & Perſei. 
11 14 Leſs than þ Perſei. 
11 48 Ditto; but think it rather increaſed. 
Its leaſt brightneſs from thoſe obſervations appears to 
have happened at 11h. 317; true, I believe, to a 
quarter of an hour. The weather was rather hazy. 
November 14. 5 07 
= Between the ſecond and third e and leſs than 
Caſſiopeæ. 
5 45 A little brighter than g Arietis. 
6 50 Not fo bright as 8 Arietis, and rather brighter than 
B Trianguli. 2 
8 10 A little brighter than ę Perſei, and believe equal to 
J Perſei. 


* Algol's uſual and greateſt brightneſs, by my later and more accurate obſer- 
vations, is thus: a little leſs than « Caſſiopeæ, brighter than 8 Caffiopez -and 
« Pegafi, and rather a little brighter than y Caffiopez, 


Q = Leſs 


bd 
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s 2 by Leſs this 2 * 
-$ 40 Ditto. 
9 O Equal to * „ n Agel * * other brighter. 
*. 1 5 A little brighter than Tand. y Perſei. 
By taking a mean between 8 h. 25” and 8 h 40%, it 
appears, its leaſt brightneſs happened at 8 h. 327; 
true to 10 minutes. The weather was rather hazy 
2 ſome part of this obſervation. 
November 1 7. 
4 58 A little leſs than p Perſei. 
5 15 Ditto. 
5 35 Rather brighter "IN Perſci. EPO 
5 50 A little brighter than þ Perſei, but leſs than ö Perſel. 
6 5 Rather brighter than q Perſei. 
6 40 Equal to g Fnanguh,. and brighter than : and 7 dues. 
5 20 A little brighter than G Arietis. 
1 955 30 Between the ſecond and third magnitude, and * to 


Caſſiopeæ, but leſs than « and . 3 
8 50 Second magnitude, and equal to Caſſiopeæ. ag 
925 Nearly the ſame, if not rather brighter. „ 
Ihe variation has therefore ended at gh. o“ nearly, and 4 
its leaſt brightneſs by taking a mean between 4 h. 58” , 
and 5h. 15', happened at 5h. 7'; true, I believe, b 
to 10 minutes. The weather was fine. | 

I have ſeveral more obſervations on Algol, where I have not 
been able to aſcertain its leaſt brightneſs, which all happened T 
agreeable to the period as above determined; viz. May 20. 
July 5. and 22. Auguſt 14. September 6. 9. 12. and 26. Octo- c 


ber 2. 5. 19. and 22. and December 7. 
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XXIII. Experiments and Obſervations on the Terra Ponderoſa, 
Kc. By William Withering, M. D.; communicated by. 
Richard 398255 EA. F. R. S. 


( 


Read April 22, 1784. 


r 
Terra ponderoſa atrata. 


{HIS ſubſtance was got out of a lead-mine at Alſton- 
Moor, in Cumberland. I firſt ſaw it in the valuable 
collection of my worthy and ingenious friend Mar rR W] 
Boul rox, Eſq. at Soho; who, when he picked it up, con- 
jectured from its weight that it contained ſomething metalhc. 
About two years ago I ſaw it in his poſſeſſion ; and partly from 
its appearance, being different from that of any calcareous -ſpar 
J had ſeen, and partly from its. great * I 2 it to 
be the ſpatum ponderoſum. | 

A few experiments made at the moment 8 my ſuſ- 
picions, at leaſt ſo far as to ſhew that it contained a large pro- 
portion of the terra ponderoſa united to fixed air ; but I did not 
then flatter myſelf that it would prove ſo pure as I afterwards - 
found it to be. 


Profeflor- 
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294 De. WirnxxixO's Eipbermeber anit Ol ſer vation: 
Profeſſor BexGMAN, in his Sciagraphia Regni Mineralis, 
- publiſhed laſt year at Leiptic, coujectures ($ 58.), with his 
uſual ſagatity. Terra ponderoſa nitrata forte alicubi natiya 
& oceurrit;. ene tamen adhuc iuventa, quod etiam valet 
« de acrata.” 

I was much delighted by the detection of a ſubſtance Which 
promiſes to be of very conſiderable utility in chemical inquiries, 
and more ſo when I found it to be a native of this country; 
for it is not improbable, that it may be met with in many other 
mines, beſides that at Alſton-Moor. 

Mr. BouLrox, with his uſual benevolence, preſented me 
with a piece of it, part of which accompanies this paper, for 
the inſpection of the Members of the Royal Society. 


More a Properties 


Is — appearance 18 not ook unlike that 5 a lump 0 

Hum; but, upon cloſer inſpection, it ſeems to be compoſed of 
ſlendet ſpiculze in cloſe contact, but more or leſs: diverging. * 
muy be cut with a knife. Its . gravity is from 4,0% 
fo 4.338. 
It efferveſees with acids, my melts under the blow-pips 
though not very readily. Placed in a covered crucible, in a bot 
parlour fire, it loſt its tranſparency. 
After expoſure to a moderate heat in a melting furnace, i 
adhered to the crucible, and exhibited figns of fuſion; but 
was not diminiſhed in weight, did not feel cauſtic when ap⸗ 
plied to the tongue, nor had it loſt its property of efferveſciug 
with acids, 


Hence 


= T9 * V 
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Hence it is 1 that its loſs of tranſpareney was rather 
occaſioned by numerous ſmall cracks, than by any wage ” 
the water of. cryſtallization, or of its — acid. 


EXPERIMENTS. e 


A. 500 grains, diffolved in muriatic acid, in ſuch a manner 
that nothing but elaftic fluid could eſcape, loſt in falution 104 
grains, and there remained an inſoluble reſiduum af nearly 3 
grains. 

2. In another experiment 100 grains loſt in folution 21 
grains, and there remained 0,6 of a grain of inſoluble matter. 
B. 100 grains diffolving 1 in dilute muriatic acid, gave out 2:5 
ounce meaſures of air. This air was received in quickſilver, 
and when the ſpar was wholly diſſolved, the ſolution was 
boiled, in order to drive out what air might be lodged in it. 

2. This air was heavier than atmoſpheric air; it was readily: 
abſorbed by agitation in water, it precipitated lime from lime- 
water, and it extinguiſhed flame. Fhe water which had ab- 
ſorbed it changed the blue eolour of litmus flowly to a red; 
ſo that this elaſtic fluid was undoubtedly fixed air. 

C. The ſolution (B) by the addition of mild foſſil fixed: 
alkaly, afforded a precipitate which; after proper wwe and: 
drying, weighed 100 grains. 

2. This precipitate, upon being again diſſolved in marine 
acid, yielded only 20 ounce meafures of fixed air. 


4 by 1 . 5 
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X Other acids turn the blue of litmus inſtantly to a red, whilſt water, impreg- 
nated with fixed air, does not change the litmus immediately; but, after ſome a 
ſeconds, the red colour begins to appear, and then gradually grows more diſtinct. 
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40 D. To. a ſaturated. ſolution i in marine 89; mild fixed vege- 
table alkaly was: added; the earth 1 was precipitated, aid a y_ 

tity of fixed air eſcaped. 


2. The fame thing happened | when mild foſſil alkaly w 


added. 
3. When cauſtic negetable r was s uſed, the precipitation 
took place, but without any appearance of efferveſcence. 

4. Fo parts diſſolved in marine acid loſt, during the folo- 
tion, nearly 10,5. This ſolution, upon the addition of cauſtic 
vegetable alkaly, let fall a precipitate which, when waſhed and 


dried, weighed 45,5. 
5. Phlogiſlicated alkaly precipitated the 1 of the wk 


from part of the folution D; for mild fixed alkaly afterwards 


added to the filtered liquor occafioned no further precipitation. 
E. Part of the precipitates D. 1. 2. after expoſure to a ſtrong 
heat in a crucible, was thrown into water. Next morning the 
water was completely covered with an ice-like cruſt, and had 
the acrid taſte of lime-water in a very high degree. 
2. The ſmalleſt portion of vitriolic acid added to this water 
occaſioned an immediate and copious precipitation ; and when 
this acrid water was diluted with 200 times its bulk of pure 
water, the precipitation upon the addition of vitriolic acid was 
yet ſufficiently obvious. 
3. A ſingle drop of this acrid water, added to ſolutions of 
| tartar of vitriol, GLAUBER's falt, vitriolic ammoniac, alum, 


Epſom ſalt, ſelenite, occaſioned an immediate precipitation in 


all of them. 
F. The precipitate thrown down by the cauſtic vegetable 


alkaly (D. 3.) was put into water, in expectation that it would 
make 8 but neither upon ſtanding, nor after boil- 


ing, did this water exhibit any precipitation when concentrated 
vitriolic 
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vitriolic acid was dropped in it; nor had it any acrimonious of 
other peculiar taſte. „ feu JO HoOD © | 
G. Concentrated vitriolic acid was added to one ; portion of 
the precipitate P. 33 concentlated mittdus te td 4 echd 
portion; and 1 mack acid to a xd porei6n: -Nolefferveſtence 
could be obſerved, nor was there a y ppentanes of ſolution. 
After ſtanding 6n&hour water was added; and che acids, thus 
diluted, were ſuffered to remain upon the portions of the pre- 
cipitate for another hour. They were then decanted, and ſatu- 
rated with mild foſſil fixed alkaly, but without any appearance 


of precipitation. 2VvoOlTAY Ae 
H. The p part Precipitated by the phlogit ran 659 1555 
mixed with nitre and borax, and fluxed b b ya W- be- pipe upon 


char coal, formed a black glaſs3 > "upon Wat hn Kita 


upon a Je OP an opaque yellowiſh hits | 


.2. Another portion melted with ſoap and botat in A Solis 
formed a black glaſs, but without, any metallic a nee. 
'E The inſoluble reſiduum (A) was boiled 7 in 8 the 
water decanted, and mild fixed alkaly added, but without ay 
ſubſequent precipitation. VOY 
2. This inſoluble powder was not attacked by the nittous ot 
marine acids; but being put into vitriolic acid, and boiled 4 
conſiderable time until the aciq 1 became hi ighly concentrated, it 
diſſolved entirely, and ſeparated * again upon the addi ton of wa- 
ter. It will appear in the ſequel,” that the fame thing happend 
to marmor metallicum, When Giſolved by my. & in the acid 
of vitriol. | : 5 12 
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ft The quantity of mild fixed alkaly neceſſary to ſaturate 


e STI 


fixcd air than is neceflary to ſaturate that quantity of terra : pon: 


deroſa Dis. W 
2dly, The terra ponderofa, when precipitated. from an acid 


5 pacans « of a mild fixed alkaly (5. I. 2 * readily burns to 
and this lime water proves a i nice . of the x BT 


onderofa. — 


eee of vitriolic acid. E. 2. 3. 
degrees 


erved, Bp 


it melts and + unites 5 $01 the crodible, Th does 1 0 become 9 5 ic. 


14 buried ; it in charcoal · duſt in 2 covered er ible, and then 
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May we not conjecture, then, that as cauſtic lime cannot 
anite to fixed air without the intervention of moiſture, and as 
chis ſpas ſeems to contain no water in its compoſition, that, 1 


89118 


an acid, previouſly, united to the terra ponderoſa, contains more 


z &, meer 


cxpoled it to a pretty firong beat; but it did not part with [its 
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ble, if wa ohſtrvs that when the ſolution. of the ſpar in- an 
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i dos went of Mrtes which prevents the fixed i autdingrit 
elaſtic amal ſtate . This ſuppoſition becornes/ ſtill more pub 


aoid is precipitated. by a mild alkaly, C. 1. 2. ſome water en: 
ters jnto the compaſition of the precipitate, for it weighs che 
fame as before it! was diflolved, and yet contains only 20 ounce 
meaſares of fixed air, whilſt the native ſpar contained 25'ounce 
meaſures ;- ſu that-there is an addition of weight equal to that 
of 5 ounce meaſures of fixable air, or 34 grains to be:accounted 
for, which can ovly ariſe from the water; and this Precipitate, 


thus united * — n En its * aid in the ah 


E. 1. 


Athly. Profefſor nn fuppates the © terra 0 
be a metallic earth v; its. entire ſeparation from an acid by 
means. of the phlogiſticated alkaly (D. 5.) certainly favours 
ſuch a ſuppoſition: but, if it be fo, it is evident from experi- 
ments H. 1. 2. that other means than thoſe nn, em 
ployed muſt be uſed to effect its reduction. 1. 2 

5thly, The precipitate made by the cauſtic 5 a 
D. 4. taking ſome of the alkaly dow with it, and thus form- 
ing a ſubſtance neither — in water nor in ** is a 5 
curious phenomenon. 

I afterwards: varied the . by adding * terra pon⸗ 
ferofa lime-water (E.) to cauſtic vegetable and cauſtic foſſil 
alkaly. In both caſes this. inſoluble -compound was 'imme- 
diately. formed; but not fo when cauſtic volatile alkaly was uſed. 
This compoſitiog-of: an alkaly and an earth certainly deſerves 
more attention than I am at preſent able to beſtow vpon it. 

6thly, As it appears from experiments D. 1. 2. 3. 4. that 


* See preface to his Sciagraphia Regni Mineralis, Ar 
R r 2 fixed 
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fixediatcaties; both mild and cauſtic, ſeparated the terra ponderoſa 
from marine acid Iwas at a loſs to'know why Profeſſor BERU 
MAT, in bis admtrable table of ſimple electivé atrractioils, 
placed the terra pouderoſa. cauftical immediately under the vr 
triolc, nitrous, and marine acids, and confequently! above the 
cauſtic alkalies- I was intereſted in the reality of the facts 
becauſe I had fo feldom feen reaſon to doubt the obſtrvatious of 
that very encellent chemift, and arri . * nn 
erperimen ts. 4 1 2-8 
* Afferentpbreons of terra A Lita ede pon 
deroſa nitrata E added, drop byl drop, cauſtic vegetable, cauſtie 
foſſil, and cauſtic volatile alkalies. In every caſe the EARTA 
was thrown down; and. E have ſo often repeated: theſe experi- 
metits, tor ſatisfy, myſelf; and others, that I am perſuaded the 
terra ponderofa guſticalouglit to be placed / below: the alkalies 
except: in the column appropriated! to the vitriolic avid; and it 
may be ſeparatedi even fromꝭ that acid, by tho vegetable fixed 
alkaly, if the _ be applied: via fidca, as. A in / the 
next ſection. 2 24. HR ot od been 436! 7 War 1112 
Ithly, The nend far ufingl pure acids upon many occa · 
wins, and the difficulty of obtaining them:pure, areſufficiently 
obvious, The viTRIOLIC ACID, as made in the darge way, id 
generally pure enough f6r::moſt purpoſes: Id is apt to get bo- 
loured by inflammable mattebi but this. is ſeldom / an inconves 
nience; and, wherũt weuld be ſo, it is eaſy to-dt1ve. it off: by 
boiling the acid im a Florence ; flaſk. over:a:;common: fire. Bud 
there is, another cauſe, of impurity in this: aid, which appedis 
upon diluting it with water; for then it becomes, milky, and 
in ſbort time a powderx-ſubkides Fo ft 


The 


0 * About two Years ago T examined this powdery matter; ; both that which was 
5 1 thrown 


* Heid may. be freed from this pbudeb either; by 3 


2 white powder precipitated. 
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ton in glaf veſſels}? whichy is a'tedious and ddugerous proceſs; 
of by the affufioh of water; ahd; after the powder has fubfided; 
2 Yentle evifiorition wilt drive” off melt of che ſociflvous 
water: 2 ? > (4 7 59136, Siem 7:1 1 a i let 
"(N1TroOUS'A&tD may be frees from vitriolic and marine acids; 
by ſolution of ſilver in the acid of nitre, as is daily practiſed 7 
but the MARINE Act has not, to my knowledge, been puri- 
fied by any otker method than the laborious one of re-diſtilling* 
it from commom ſalt. It is generally mixed. with vitriolic acid; 

and often in large proportion. There is no temptation, and 
ſcarcely an. opportunity, for it to be contaminated. by nitrous. 
acid. From thevitriohic acid then it may be readily purified by 
the addition of terra ponderoſa cauſtica diſſolved in water, or 
by: the. r pandereſa its. If the latter be uſed, = fall 


thrown down By ditution with water, and alſo: ſome which, Dr. PzzzsTLEY gave 
me, being A vitriolic acid ente dryneſs wn in a flint-glaſs retort. 


hard and as taſteleſs as felenite. 
Adly, To theſe cryſtals, e in rn. _ foſſil ata was L and 


R. 

Athly, This powder, after expoſure to a pretty ſliarp heat, was thrown into- 
water; part of it diſſolved, and the water got the taſte and other properties of 
me- water. 

5thly, The inſoluble part (1.) ſuffered no change by boiling in nit rous acid; 
one-half of it mixed. with borax, and expoſed: to the. blow - pipe upon charcoal, 
vitrified ; the other half, mixed with borax and charcoal-duft, likewiſe vitrified. 

' Concuusons: It: appears, then, that the. greater part of this ſubſtance. was 
calx vitriolata, or ſelenite ; the remainder a vitrifiable. earth, 

I had before found, that the terra ponderoſa vitriolata; or heavy U would 
diſſolve in concentrated vitriolic acid; but always. ſeparated in- a powdery form. 
upon the affuſion of water; and now it appears, that calx vitriolata, or ſelenite, 


does the ſame. 


portion: 
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" portion ef che acid muſt firſt be tried in a diluted fate, from 
wheneo wo muſt judge how much of the terra ponderoſy {ality 
the whale will require 1 or elſe the whole of the acid. muſt be 
diluted with water. Whether we uſe the terra pondergſa dif 
ſolved in water or in marine acid; in either caſe the acid of 
vitriol immediately ſeizes upon ir. and ſubſides with it in dem 
of an inſoluble powder. 


of the nicer and more important enquiries of chemiſtry, this 
_ method of purifying i it 6 cannot * mow nn 


z 


s * 10 * Wis L - 


Terra ponderoſa vitriolata Benoncax' $ | Sci 
| $$.58. bg. 
Variety, Heavy Oypfacn. Ponderous 


Marmor Metallicum. CnovsJ1 Dr 
19. C. 


1 . 2. 


"TAN Kilpatrick-kills near G A ſort, with 1 


6 cryſtals, amongſt the iron ore about ans in n 
the lead mines at Alſton · Moor. N 


A abvious ehen. 


Wulte; nearly tranfparent, but has not the property of dou- 


ble refraction; compoſed of laminæ of rhomboidal cryſtals ; de- 


2 in the fire. Specific gravity from 4, 402 to 4,440. 


E X F E- 


————— the. marine acid in {evan 
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A. 100 grains expoſed to a red beat for one Hour, f in a black 
kad crucible, loſt five grains in weight; 3. but as a ſulphureous 
ſmell was perceptible, I ſuſpected that a decompoſition had 
taken place, and therefore expoſed another portion to. a ſimilar 
heat for the fame ſpace of time in a tobacco · pipe. This had 
no- ſmell of ſulphur, nor was it diminiſhed in weight. 

2. It is barely fuſible under the b * . but with borax 
ſuxes readily into a white opake g laſs. 
B. roo grains, ground in a mortar, and waſhed over ex- 
mend fine by * * additions of water, were boiled 11 in the 
poured off. The 
powder, when dried, he not ſenfibl; bly loc in 4 a 

2. To. ſeparate þ portions of the waſhing water, were added 
mild vegetable and mild foffil alkaly ; but without any a appear- 
ance of precipitation. Nitre of 1 mercury gave 4 very light 


brownith. cloud, barely diſcernible ; 3 and nitre of filver an ex- 


tremely light bluiſh. a ppearance, 6 ede 
3. The lat powd: er er again. in eile water I =. 
a the water at all ; for it ſtood the "teſt of nitre of hlver 
without any cha | 
12 Pere e der B. were "a4 in vitriolic, x ni- 
trous, and muriatic 504 of the uſual. Arength, for ſeveral 
minutes. The : acids were then faturated with. "vegetable. fixed: 
akaly,. but. without an any appearahce of precipitation, nar | had: 
the Portions of. powder loſt any weight. 


75 


* 7 
5 47 


11 2-1: 


-* But when boiled in AK acid, until Rus acid bicame 


4 ; 5908 Bp + 7 . 
very much concentrated and nearly red. hot, tlie whole of i it 
s 194 


dilſolved; but, ſeparated * upon the addition of water, was 
3 not. 
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not altered in its weight, was not acted upon by acids of the 
uſyval ſtrength, and had, under en the properties 
rgentzoned a at A. 2 2. ns, 


* 3810 


dr thy 


After ſome days, Ve FIC ap 95 
the ſhapes of ſtars, faſciæ, and other. radiated forms. J 45 


Fee op 


2441 


0e 


0 another portion 0 of this ſolution mild axed v vegetable 
alkaly was addec but tlie precipitate, e 1 be the, mar- 
mor cle delten 8 bus mag tea . 

D. One ounce, of this marmor l cum in 1 . 
Was fluxed i in a crucible with two 0 ounces of ſalt of tartar, - un- 
til it ran. thin. This ſubſtance, boiled with water in 4 Flo: 
rence flaſk, left a.reſiduym, of fix drams. eee 1 

E. This refiduum | was thrown 1 into water, and | pure 'nitrous 
420 added, until there was no more efferveſcenice. The un- 


diffolved part ' weighed 52 grains. 55 


= £ This undiffotved part appeared to 1.0 the origival { ſub- 


ſtance no ways changed; for it did not diffolye 1 in nitrous or 
marine acids, but did wholly diffolve in the greatly concen- 


trated and boiling vitriolic acid, from which it 1 it was again ſepa- 


rated by the addition of water. (C. 33 

G. The ſolution D. was ſaturated with diſtilled vinegar, and 
then evaporated to drypeſs, but with lefs than a boiling heat. 
The ſal diureticus, thus formed, was waſhed away with alco- 
bol. The remaining ſalt weighed 5 drams nearly. 

2. This falt had the appearance and the taſte of vitriolated 
tartar ; it decrepitated in the fire; roaſted with charcoal-duſt, it 
formed a hepar ſulphuris; and with muria calcarea gave 2 
precipitation of ſelenite. 


5 1 e 


it. 


it 


he 
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H. The falt, formed with the nitrous acid (E), ſhot readily 
into beautiful permanent cryſtals, of a rough bitteriſh taſte. 
2. Some of this falt was deflagrated with nitre and charcoal, 
and the alkaly afterwards waſhed away. | 
z. The reſiduum, being the earth of the marmor l- 
cum, was very white, burnt to lime, and again formed an in- 
ſoluble compound with acid of vitriol. 

I. 100 grains of tetra ponderoſa atrata were difolved: in di- 
luted marine acid. Vitriolic acid was dropped into this ſolu- 
tion, until no more precipitation enſued. The precipitate, after 
very careful waſhing and drying, was expoſed to a red heat in 
a covered tobacco-pipe for half an hour: when cool, it 
weighed 117 grains. 

2. 50 grains of terra ponderoſa afrata in a lump were put 
into diluted vitriolic acid; but the action of the acid upon it 
was hardly ſenſible, even when made hot. 
Marine acid was then. added, and after ſome time an effer- 
veſcence appeared. The terra ponderoſa vitriolata, thus formed, 
after proper waſhing and drying, was expoſed to a red heat for 
an hour : it then weighed 58,4 grains. 


iſt, It appears that the marmor metallicum is compoſed of 
vitriolic acid and terra ponderoſa, D. E. F. G. H. 
2dly, That this compound, though probably ſoluble in wa- 


der, has ſo little ſolubility as almoſt to eſcape detection by the 


niceſt chemical teſts, B. 1. 2. 3. 
3dly, That it is not ſoluble in acids of the uſual ſtrength ; 


bur that it perfectly and entirely diflolves in highly concen- 
Vol. LXXIV. Sſ trated 
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trated vitriolic acid, from which it again ſeparates entire and 
unchanged upon the affuſion of water, C. 1. 2. 
Athly, That it cannot be decompoſed (via humida) by mild 
fixed alkaly, C. 4. 
5thly, That it may be decompoſed (vis Jews} by the vege- 
table fixed alkaly, D. E. G. H. 
6thly, That it may be decompoſed by inflammable matter, 
uniting to its acid, and forming ſulphur ; but that it cannot be 
decompoſed by heat alone, A. 1. 


7thly, From experiments I. 1. 2. it appears, that 100 parts 
of this ſubſtance contain 


Vitriolic acid pure = 32, 8 
Terra ponderoſa pure 67,2 


100 


\ 
— 


For the 100 parts of terra ponderoſa acrata made uſe of in the 


experiment I. 1. would loſe during the ſolution 20,8 of fixed 


air ($ 1ſt, A.); then, deducting 0,6 for the marmor metalli- 
cum contained in the terra ponderoſa aërata (4 iſt. A. 1. 2.), 
there remains 78, 6 of pure terra ponderoſa. This, when ſa- 
turated with vitriolic acid, and made perfectly dry, weighed 
117; conſequently it had taken 38, 4 of vitriolic acid. 


=. 


OBSETRVATIONS:. 


"THe apparent inſolubility of terra ponderofa acrata in the 
diluted vitriolie acid (I. 2.) can be accounted for by remarking, 
that the moment the ſurface of. the lump was ated upon by 


the acid, an inſoluble coat of marmor metallicum was formed 


upon it, which effectually ann any further operation of 


the acid. 
Profeſſor 


om Q@- = <: 


Jt 


terra ponderoſa vitriolata, directs the latter to be roaſted with 
fixed alkaly, and the duſt of charcoal ; but I have always done 
it by charcoal duſt alone, though probably this method may 
require a greater degree of heat. 

It has been remarked, that terra ponderoſa and calx of lead 


reſemble each other in many reſpects; and I muſt add, that the 
vitriol of lead diffolves in the highly concentrated vitriolic acid 
much in the ſame manner that the marmor metallicum does, 


and like this too ſeparates upon the affuſion of water; but I I 
never obſerved it diſpoſed to cryſtallize. 

The marmor metallicum may probably be uſeful in ſome 
caſes where a powerful flux is wanted; for I once mixed ſome 
of it with the black flux, and expoſing it to a pretty ſharp heat, 
it entirely ran through the crucible. May not, therefore, ſome 
of the more common varieties of it be uſed advantageouſly as 
a flux to ſome of the more refractory metallic ores ? 


TEC T10N 1M 


Terra ponderoſa Vitriolata. 


1 1 Calk or Cauk. _ | 
Marmor Metallicum, CronsTeDt Min. $ 18. B? 


Plentiful in the Mines in Derbyſhire. 


More obvious Properties. 


Of a white or reddiſh colour; cryſtallized in rhomboidal 


laminæ, but theſe very much intermixed and confuſed. Loſes 


3 1 little 
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Profeſſor BRBOMAN, i in order to obtain the earth from the 


6 |S, T * » - — * F - 1 = N 
= 
— — — - - = 
- = * . * I 
nd — — — - = 


: * "4 —_ ——= en - : * 
oo a — —u— — — . 

ä reer — 
— Bt n * LR. . » 


408 Dr. Wrrn@wx6's Experiments and Obſervations 
irtle or nothing of its * by being mad red-hot. 2 
gravity 45 * 


EXPERIMENTS 


A. Ground in a mortar, and waſhed over, the waſhing wa- 
ter, when decanted, gave no precipitation with mild vegetable 
alkaly z but with nitre of  filver and nitre of mercury the 
ſlighreſt cloud imaginable. 

B. 100 grains boiled in marine acid weighed, after proper 
waſhing and drying, 99, 5. 

C. The acid ſolution B let fall a Proffian blue upon the ad- 
dition of - a fingle drop. of phlogiſticated fixed alkaly-; and, 
when ſaturated with mild foſſil alkaly, afforded an ochry-co- 
loured precipitate, 1 

D. This precipitate, collected and l weighed half a 

grain. It was roaſted with tallow, and then was wholly at- 

tracted by a magnet. 
E. A quantity of the cauk, finely powdered, was an 
with charcoal-duſt, and roaſted in a crucible at a white heat, 
for five hours, freſh charcoal-duſt being occaſionally added. It 
gave out a ſtrong ſmell of ſulphur. 

F. To this roaſted cauk nitrous atid was added, which diſ- 
ſolved the greater part of it; producing, during the ſolution, 
ſome efferveſcence, and 4 firong ſmelt of hepar fulphuris. 

G. Some of this ſolution, after proper evaporation, afforded 
beautiful cryſtals, not deliqueſcent, exactly reſembling thoſe 
obtained from the marmor metallicum, (S II. H.). 

H. To other portions of the ſolution F, were added fixed 
vegetable and foſſil alkalies, and likewiſe volatile alkaly, each 
of which precipitated the earth from the acid. 


i, This 
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I. This earth, after expoſure to a white hows for one hour, 

became cauſtic, and made lime-water, ſnnilar in properties to 
to that mentioned at $ Iſt. E. 
K. Some of the part not ated upon by the nitrous acid F, 
diffolved entirely by boiling in highly concentrated vitriolic 
acid, and wholly ſeparated again by the affuſion of water. More 
water was added, and the whole was boiled again; Hut the fil- 
tered liquor gave no ſigns of precipitation upon che moſt * 
addition of mild fixed vegetable alkaly. | 


CONCLUSIONS 


It ”=_— therefore, that 100 parts of Derbyſhire cauk 


Marmor 8 a 3 
Calciform iroenk 55 


— k 6ĩ 


. 
+ 


100 


* 
— — 


And it is probable, that the redder pieces contain a little more 
iron. 


SECTION v. 


Ter 3 ſa vitriol ata. 


Variety, radiated Cauk. _ 
. Gypſum n capillare. Seen Min, 


919. B. 
From Pennely by the Bog, near aun in nis, 
hfteen miles from Salop, on the road to Montgomery. 


More 


— -_ o 
* 


5 * * — .* * * 
2 7 n „ MS 
—U U ũ VP 2 — 
— PR... e 


—Br aha 


„ - _— * => 
— _ ———— 


310 Dr. WrruzaG's Experiments and'Obſervations 


y More obvious Properties. 

Some what gloſſy like ſatin; yellowiſh-white, opake; com- 
poſed of flender ſpiculæ ſer cloſe together, and pointing from a 
centgr.:_,/ 

1n ſome. pieces there. are concentric circles of a ſemi- -tranſpa- 
rent horn like appearance. It is not very brittle; may be 
ſhaved with a knife ; loſes little or nothing of its weight by 
being made red-hot. Its ſpecific gravity 4,000 ; but after 
ſoaking one night in the water 4,200, or more. 


” a 


idly DOE PERIMBE;N IT. S. 8 1 


W treated in the ſame manner that the Derbyſhire cauk 
was, in the preceding ſection, 100 1 of it -appeared to 


contain ö r Set 


Marmor metallicum - 97,7 
Calciform iron * 2,3 
REI 100 


Suſpecting that the preſence of ſo ſmall a proportion of iron 
could hardly occaſion the whole of the apparent differences be- 
twixt the Shropſhire and Derbyſhire cauks and the marmor 
metallicum; and thinking it not improbable, that they might 
contain lead; I mixed ſome of them with charcoal-duſt and 
borax, but could not by means of the blow- pipe produce any me- 
tallic appearance, although vitriol of lead, treated in the ſame 
manner, was readily reduced. 1 

then mixed four parts of cauk with one part of vitriol of 
lead; the lead could ſtill be reduced, though not ſo readily as 


before. 


GENERAL 
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The terra ponderoſa ſeems to claim a place betwixt the earths 

and the metallic calces. Like the former, it cannot be made Wis 
to aſſume a metallic form; but, like the latter, it may be pre- 
cipitated from an acid, by means of phlogiſticated alkaly. In 
many of its properties it much reſembles the calx of lead; 
and in others, the common calcareous earth, but fall ſeems 
ſufficiently different from that to conſtitute a new genus, as will. 
appear from a little attention to the following circumſtances. 


Terra ponderoſa, Terra calcarea, 


When diffolved in water, preci- | Diffolved in water, does not 
pitates upon the addition of | precipitate upon the addi- 
the ſmalleſt portion of vi- tion of vitriolic acid. 
triolic acid. 3 

Its gypſum, therefore, is in- Its gypſum, therefore, is ſo- 


a. 7 
With the nitrous and marine | With nitrous and marine aeid 


— 


acid, forms cryſtals which | forms ſalts fo deliqueſcent 

do not deliqueſce. that they cannot be kept iu 
bf _” a cryſtallized form. 
Decompoſes vitriolic ſalts via Does not decompoſe vitriolic 
Humida. — 


{ 


It has been called terra ponderoſa, or Heavy earth, upon 
account of the great ſpecific gravity of its gypſum ; its ſpar 
is likewiſe heavy enough to countenance ſuch an appellation ; 
but the earth itſelf does not appear to be a heavy ſubſtance, 
and J imagine the great weight of its compounds with the 
vitriolic and atrial acids is owing to the abſence of water. 

Birmingham, Nov. 1783. 
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XXIV. Obſervations du Paſſage de Mercure far * Difque du 

Soleil le 12 Novembre, 1782, faites d  Obſervatoire Royal de 
Paris, avec des reflexions i un effet qui ſe fait ſentir dans ces 
 mimes Obſervations ſemblable d celui d'une Refrattion dans 
' P Atmoſphere de Mercure. Par Johann Wilhelm Wallot, 
' Membre de I Academie Electorale de Sciences et Belles Lettres 


de Manheim, c. Communicated by Joſeph Planta, E. 
Sec. R. &. 


Fl | Read April 29, 1784. 


ES paſſages de Mercure ſur le diſque du ſoleil ſont dau- 
tant plus intereflans pour les aſtronomes, qu'ils don- 
nent principalement le moyen de dẽterminer avec plus d'exacti - 


tude la poſition des nœuds de fon orbite, et que la difficulte de 


voir cette planete dans ſes autres aſpects avec le ſoleil en rend 
les obſervations plus precieuſes, 


2. Deux circonſtances aflez tfarantageuſcs qui devaient ac- 
compagner particulierement le paflage dont il s'agit ici, favour 
la proximite du ſoleil de Phorizon, et Mercure paſſant trop pres 
du bord de cet aſtre, ſemblaient par leur nature offrir trop d' in- 
conveniens pour en eſpérer des obſervations bien exactes; 
cependant Pencouragement qu'a donné le beau tems qu'il fit 
toute la journee du 12 Novembre, nous ayant fait apporter une 
plus grande attention aux obſervations, nous autoriſe main- 
tenant à en avoir. une meilleure opinion. Je crois pouvoir 
aſſurer ſans oſtentation d'y avoir reuſſi aſſez pour etre ſatis fait 
des miennes, et pour oſer les garantir autant que la nature des 


2 | g choſes 


2 


4 
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choſes peut le permettre:¶ ⁊ᷓi je pũis me flatter dlavoir bbtchu 
de ce paſſage une obſervation trẽs exacte et peut · ᷑tre la plus 
complette, je ne diſſimulerai pas que je dois en grande partie 
cet avantage à M.ps CAssIxI qui, m' ayant laifle la meilleure ſu- 
nette = quit y ait à IObſerv atoĩre Royal, m' avait mis pat là duns 
le cas employer la plus grande vigilance pour mEtiter-ipar- 
Fexactitude de mes operations la confianice _—_ me- EE 
dans une occaſion auſſi importante ) 

3. Nous avons fait (M. ps Cant et e touteb dev dbge 
yations neceffaires pour conſtater avec la plus grande exactitude 
Fetat de notre pendule; et, en reduifant mes obſervations au 
tems vrai, je nai pas mème n6glipe les dixiemes de ſeconde. 
Cette preciſion ſcrupuleuſe paraitra peut- tre ſuperflue dans de 
pareilles obſervations, mais on verra par la ſuite de ce Memmoire 
les raiſons qui in' y ont determine. Voici mes obſervations 
dans le meme ordre on elles ſe ſont faites, et reduites au tems 
"Pp de la meridieene de FObſervatoire an de Faris. 


TU uf of 3 2! v4 [150 1 
h. . = 3 | II a Tis 
a 2 56 28 8 je * upconne 5 plandte. ContaQ 1 * Pen 
a 2 58 28, 8 FTeſtime Mercute entre à moitié. Centre de'P 
Entree 4 bord du . 01 3b 19010 
= 2 3, 8 Contact interieur de Fentrle, | 8 1 
3 45,8 Mercure abſolument ditiche'du weil "ey 


En mẽſurant le diametre de Mercure ſur le 
diſque du ſoleil je Vai trouve par deux fois 
exactement de la meme quantite, ſavoir 
de 9 parties du micrometre objectif, qui 


valent 97,535 de degres du grand cercle. 
Z a 4 17 18,4 Contact intérieur de la ſortie. 
Jortie b 


— * 
— 
* 


4 20 36,4 Le centre de Mercure fur de bord du ſoleil. | 
2 4 22 5 3,4 Contact extericur de la ortze. Mercure (ptalemome perdu. 
A wie, +1 : 15 : 


* Une n lunette achromatique de Dol io de 3 pieds. 
Vol., LXXIV. Tt 0 Le 


* 


314 ee du Paſſage de Mereure 
Le bord: du ſoleil ẽtait ſi ondoyant- que Mercure, aux ap- 
proches de fa ſortie totale, reſſemblait exactement à un corps 
flottant ſur les vagues d' une eau fortement agitee, et qui tantit 
diſparait entierement, tantòt eleve par les vagues ſe montre en 
partie et quelquefois tout entier. Ces vagues ou ondulations 
allaient toujours dans le m&me ſens du N. Oueſt au Sud Eft. 
Leur mouvement etait aſſez rapide, et c'eſt preciſement la rapi- 
dite de ce mouvement qui m'a ſingulièrement favoriſe Pobſerva- 
tion du contact exterieur de la ſortie de Mercure, en je ne 
la perdais j jamais de vue qu'un inſtant. 
L Je terminerai le detail de mes obſervations par aſſurer, que je 
n'a pas appercu la moindre apparenee d'une. atmoſphere ow 
nebuloſite autour de Mercure pendant toute la dure de fon. 
paſſage. quoique la lunette me repreſenta tous les objets 
tres diſtinctement. J'ai toujours vu le diſque de Mereure bien 
noir, et,egalement bien termine dans toute fa exrconference qui 
me paraiſſait toujours tranchee nette, furtout dans. le commen- 
cement ont les ondulations Etaient moins fortes juſques vers: le 
milieu du paſſage. Mais cela ne mvempechera pas etre tres 
perfuade de Texiſtenee d'une atmoſphere autour de Mercure, 
comme autour de tous les corps cEleſtes, et qu'on peut fort bien 
Tavoir appergue dans. ce paſſage ſous un ciel plus pur et plus 
beau que celui de Paris. 5 80 | 


R mo du calcul 4¹ obſer vat ions 33 felon leurs dife 


WES me combinaiſons. a 


4. La methode que Fai ſuivie pour * Jon obſervations 
de ce paſſage au centre de la terre, m'eſt en quelque ſorte par- 
ticuliere mais. comme elle n 'eſt pas entièrement nouvelle puiſ- 


* elle 


e - 


u elle ne diffste de toutes les methodes connues qu'en ce que 
je Tai Gmplifice en la rendant abſolument directe, je me con- 


* 
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tenterai d'en donner une idee générale. Je n'ai employe dans 
mes calculs que ce qui eſt donne directement par obſervation, 
ou bien des quantites plus exactement donnees par les tables, 
telles que le diametre du ſoleil, fon mouvement horaire et celui 
de Mercure. Mais ce qui caraQteriſe eſſentiellement cette me- 
thode, c'eſt qu'en combinant les obſervations toujours enſemble 
deux a deux, on a la duree ou le tems ecoule d'une obſervation 
a Fautre qui eft une des principales donnees du probleme, et la 
plus exacte qu'on puiſſe ſe procurer par obſervation. Or, quand 
obſervation nous fournit directement des donnees exactes, je ne 
vois abſolument pas la nëceſſitè d'en aller chercher de moins 
exactes pour les faire entrer dans le calcul. C'eſt pourtant ce 
que font quelques aſtronomes modernes *, qui, en recommen- 
dant dans leur Traite d' Aſtronomie de calculer les obſervations 
ſeparement afin, diſent- ils, de multiplier les refultats et d'en 
deduire plus exactement par un milieu la quantite qu'on 
cherche, ſont obliges pour cet effet de ſuppoſer à peu pres 
connu le milieu du paſſage et la plus courte diſtance des cen - 
tres · T. Ce raiſonnement, auſſi Eloigne des principes de la geo- 
metrie, que des regles de l'analyſe, me parait encore illufoire 
quant a Texactitude qu'on eſpere obtenir de la multiplicite' des 
reſultats ainſi determines ; voici pourquoi. 

5. Je ſuppoſe pour. un inſtant qu'on prenne au hazard deux 
obſervations, et qu'on les calcule ſeparement chacun ſuivant ce 
precepte ; il eſt certain que fi l'on ne ſuppoſe pas le milieu du 
paſſage et la plus courte diſtance des centres tels que les don- 


* Principalement M. Dr 1a Lanpz dans fon Traits d'Aftronemie, edition de 
1771, livre XI. art. 2152. 
+ Ibid, art, 2062 et 2063. 
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neraient directement ces deut obſervations cutiibinibes enſernble; 


differens, et qui differeront d'autant plus que la ſuppoſition 
qu'on aura faite ſera plus Eloignte de la veritable. On prend 
donc alors un milieu entre les deux reſultats et l'on imagine 
avoir trouve la verite ; mais il me ſemble qu'il eſt tres permis 
d'en douter, car, outre qu'il y a bien des cas ou Von ne peut pas 
regarder le reſultat moyen comme le veritable, ici ce n'eſt pas 
meme admiſſible, puiſque le milieu du paſſage et la plus courte 
diſtance des centres font deux quantites qui dependent lune de 
Pautre, et qu'il eſt impoſſible de les ſuppoſer telles preciſement 
qu'elles ſe conviennent relativement à deux obſervations deter- 
mines, à moins que ce ne ſoit un effet du hazard. - Or fi je 
ſuppoſe maintenant qu'on prenne les deux memes obſerva- 
tions, et qu' on les combine enſemble, il eſt clair qu'on ne trou- 
vera qu'un feul refultat pour la quantite cherchee, - mais. ce ſera 
preciſement la meme qu'on aurait eue par un milieu entre les 
deux refultats' trouves ſuivant l'autre maniere fi Lon y avait fait 
une ſuppoſition qui $'Ecartat peu de celle qu'il convenait de faire. 
Hen ſuit donc qu'on ſerait arrive au meme but par les: deux 
methode, mais avec cette difference que les quantités deter- 
minẽes d'apres la methode des combindiſons font dans tous les 
cas de vrais reſultats tels que les donne ve fitablement Vobſerva: 
tion, tandiſque d' après autre ce ne ſont que des reſultats 
fictifs ou approchẽs. Le calcul devient a la vérité plus Jong, 
lorſqu' il y a plus de trois obſervations ; Farceque alors le nom- 


quemment auſſi Je nombre des reſultats qui en proviennent, 
ſurpaſſera toujours celui des 9 Or fi pour deter- 
miner une quantite quelcongue d'après 


de trouver des rẽſultats inexacts, et que d après vos autre me- 
4's - E241 thode 


on doit trouver, Pour la quantite qu on cherche, deux reſultats 


2 Wo — ©, t © ee =. 


bre des combinaiſons qu'on en peut faire deux à deux, one» 


une methode' on riſque 


OQ 


{ 


& to 


ſeulement ne procure pas les avantages qu'on en attend pour la 
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mode on peut determiner la meme quantite/fans cburir er dan- 
ger, il eſt inconteſtable que celle-c1 eſt preferable à autre: 
Lorſqu' on ne peut avoir. que des obſervations iſolées, il faut 
bien alors ſe rẽſoudre à les calculer ſẽparẽment, mais encor 
avec la reſtriction que les -quantites qu'on ſuppoſera connues 
ſoient donnees par d'autres obſervations, qui etant dans le cas 
d'etre combinees deux à deux, ſoient elles-memes tres exactes. 
Il eſt donc aiſe de conclure de tout ce que je viens de dire que 
la maniere de calculer ſeparement chaque obſervation; non 


multiplicite des reſultats, mais elle eſt encore moins exacte que 
celle de combiner deux a deux les obſervations, ainſi que Ven- 
ſeignent les plus celebres aſtronomes. Je ne me- ſuis permis 
dentrer dans ces details que pour prouver à la Societe Royale 


que je ne me ſers jamais avec confiance d' aucune methode ſans. 


Pavoir examinee * en la ——_ yu aink dire, une 
ſeconde fois. 211 | 10 


6. Pai calculé le lieu th ſoleil et FP CREOLE par * tables M 


HALLEY pour 21 h. 3 h. et 44 h. eſpace'de tems qui com- 


— a peu pres par ſon milieu toute la durèe du paſſage, et 


Jat trouve, 
a 2h20'temsvraiſa 3 h. 300 t. v. A 4 h. 30“ t. v. 
3 3729 3 


— — — 


Ee cc — ww 7 
La longitude du ſoleil lde 7 20 22 43,6|7 20 25 14,8|7 20 27 45,9 
Son aſcenſion droite 7 17 55 55,37 17 58 28, 47 18 1 1,5 
Sa declinaifon - auſtrale 17 51 49,0] 17 $2 29,9] 17 53 10, 


La longit. geocentrique de Mercure) 20 32 2,9 |7 20 28 40,8) 20 25 18,4 
da latitude - - - boreale O 14 31,0 0 15 22,0 0 16 13, 


—y[—— : 


—__p — 
8 


— — 


Ce qui me donne 
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| 
entre24h.et 3]bſentre34h Ain 


. 
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ö 


Le mouvem horaire relatif Merc. fur Pecliptique de 6 38, 3 6% © 
L'inclinaiſon de Porbite relative ſur Pecliptique de 3 18 33,8 [8 14 28, 5 
Le mouvxm. horaire relatif de Merc. dans ſon orbite 5 57,05 5 57,19 
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Je me ſuis ſervi de Vinclinaiſon/ et du mouvement horairy 
qui avait lien entre 21 h. et 31 h. dans le calcul des obſervations 
du commencement, et Vinclinaiſon; avec le mouvement horaire 
qui avait lieu entre 31 h: et 41h. m'a ſervi pour la fin du paſ- 
ſage. Quant aux autres elemens, j'ai employe le diamètre du 
ſoleil de 32 24 5; celui de Mercure de 9“ 535 comme je 
Tai meſure ſur le diſque du ſoleil pendant le paſſage, et la pa- 
rallaxe horizontale du ſoleil dans ſes moyennes diſtances de 
$/ ,7 telle que je Vai &tablie dans mon Meẽmoire ſur le paſfage 
de Venus en 1769. D'où j'ai conclu la difterence des paral - 
laxes horizontales du ſoleil et de Mercure pour le jour du pale 
ſage 12 Novembre de 4,088. 

7. Avec ces ok Jai calcule les obſervations des con · 
tacts en ne negligeant pas meme les milliemes de ſeconde dans 
certains cas; je n'ai mis cette ſcrupuleuſe exactitude dans tous 
mes calculs que parceque je voulais nvaffurer dans le cas où je 
viendrais à trouver des differences entre les reſultats de meme 
denomination que je n'eufle à les attribuer uniquement qu'aux 
obſervations. La table ſuivante renferme les reſultats les plus 
importans de ces calculs. 


f par M. LW: WaLLort. 


Table Jes reſultats du calcul des obſervations des contacts et 
du centre de Mercure. 


miede Pobſervation ſ fete 
e donnee directement par l'obſ. 


n | 


1 
. | 4 N 1 | 


Con tacts exter. 
N 


a 8 
4 22 53, 4 
1 26 24, 6 


15 42, 5 


2 68 28, 8 
4 20 36,4 
1 22 7,6 


15 41,0 


3 17 18, 
1 15 14, © 


15 41, 2 


courte diſtance des centres vue | 
n 1 


o 
* 


ee — 


vraie du milieu du paſſage | 


CS '_— 


du centre de la terre 


centre de la terre ſortie 


„ 4 — — 4 


3 39 41, 1 


15 46, 4 
+ 234,38 


— 
; 


3 39 38,7 


15 449 


＋ 2 42,9 
— 31 


RES 
3 39 411 4 | 
15 45, 1 


+ 2 59,45 
_ 46,70 


ur le centre de la terre + 
courte diſtance des centres 


tion de e 


X Os 


wee pour le centre & | ſortie 


la terre 


reure et du ſoleil 
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ö 
| 


| 


| 


vr. de Sobervation entree | 2 59 3,11 4 _ b 
4 20 31, 13 
I 21 28, o 


e du paſſage pour le won] 9 28,45 


i BY 


vraie de la conjonction ©) 


4 2 53, 2 4 2 5a, 8 


* x en conjonction don- 
par obſervation - 

Itude du ſoleil ou de Mer- | 
en conjonction 
tude de Mercure en conjonc- 


Id a Paberration 


le de $ en d donnee par les [ 
.- >: - boreale 


3 . 


_ 
oe 
. 


15 55,1 
| 7 20 26 37,6 


- 1536, 
7 20 26 37,7 


15 84.8 
7 20 26 37,2 


4.4 as 4 
. 


— Out. 


a donnee. par les tables eu f 7 20 27 8,4 


7 20 27 8,37 20 27 3,9 


15 50,7 


8 — 
K 


ö 


| 


15 50,5 | 


dei en longitude 
E 12 latitude 


— 31,7 
+ 414 


1 | 
+ 44 


a 


bptant la latitude de 9 g au moment de la d donnee par ir len contadts imerieurs de 15 {7 


| 
Ye le C 0 7 71 
wg | 1 15 45 22,8 en. ſuppoſant Vinclinaiſon de Vorbite 7 © © avec M. CAssIxI. 

15 44 55,7 en ſuppoſant inclinaiſon de Porbite 6 59 20 avec HALLEY. . 
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8. L'on. 
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Je me ſais ſervi de Vinclinaiſon/ et do mouvement horaire 
qui avait lien entre 21 h. et 31 h. dans le'calcul des obſervations 
du commencement, et Vinclinaiſon; avec le mouvement horaire 
qui avait lieu entre 31 h: et 41 h. m'a ſervi pour la fin du paſ- 
ſage. Quant aux autres elemens, j'ai employe le diametre du 
ſoleil de 32 245 celui de Mercure de 9“, 535 comme je 
Tai meſure ſur le diſque du ſoleil pendant le paſſage, et la pa- 
rallaxe horizontale du ſoleil dans ſes moyennes diſtances de 
$/ ,7 telle que je Vai ẽtablie dans mon Meẽmoire ſur le pafſage 
de Venus en 1769. D'où Jai conclu la difterence des paral- 
laxes horizontales du ſoleil et de Mercure pour le jour du paſs 
ſage 12 Novembre de 4,088. 

7. Avec ces elements j'ai calcule les obſervations des con - 
tacts en ne negligeant pas meme les milliemes de ſeconde dans 
certains cas; je n'at mis cette ſcrupuleuſe exactitude dans tous 
mes calculs que parceque je voulais nvaffurer dans le cas oùò je 
viendrais à trouver des differences entre les reſultats de meme 
_ denomination que je n'eufle à les attribuer uniquement qu'aux 
obſervations. La table ſuivante renferme les reſultats les plus 
unportans de ces calculs. 
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Table Jes reſaltats au calcul des obſervations des contacts et 
du centre de Mercure. 
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Contact mrericurs Contacts exter. Centre de | 
— _—_ 5 — N FIC. N 
r SER 
| 136 | 
| W entre 3 2 3, | 2 56 28, : 2 53 28,8 7 
2 vraĩe de Pobſervation ſortie 4 7 1; 4 | 4 22 53, 4 4 
0 te donne directement par Vobſ. 1 15 14, 6 1 26 24, 1 
scourte diſtance des centres vue | | 2 
la frface ds la terre | j | 15 41, 2 15 42, 5 | 15 41,0 | 
— — —m — ä — — Sn 1 — — 
ure vraie du milieu du paſſage || | | 
pour le centre de la terre IJ] 3 39 471 4 -} 3 39 47, 3.39 38,7 | 
s courte diſtance des —_— | 1 | 
we du centre de la terre | 15 45, 1 | 15 40, 4 
duction de r + 2 59,45 4 2 34,38 | 
u centre de la terre ſortie | — 2 46,99 | — 2 22,27 oo 
— : — — 5 3 — — 1 — — — — | 
ure vr. de Pobſervation ſ entree | 3 5 3,25 | 2 59 3,1 | 
urivee pour le centre & | ſortie 4 14 31,70, | 4 20 31,13 | 
pute du paſt: ur le centre | | Is | 
le la _ OTE | 0.9 28,45 125 28,02 
lure vraie de la conjonction de] | 
Mercure et du ſoleil 4 #39 4 2 Ca, 8 
tude dey en conjonction don- ö ä ah . | = 4 
ice par obſervation © | J HE > 6 od 15 36,4 15 54.8 
azitude du ſoleil ou de Mer- | | 1 7 6 rs | 
ture en conjonction 1 7 20 26 37,6 & Mn. 26 377 — 26 311% | 
agitude de Mercure en conjonc-] | | B 
ion donnee. par les tables eu 7 7 20 27 8,4 17 20 27 * 17 20 27 8,9 | 
god a Paberration OS | 
itude de $ en d donnte par les 1 | þ ; 
es - boreale | 38 | 13 50,7 | 5 5055 | 
q — — — ſH—ĩ— 
W en longitude — 30, 8 — 30,5 e 
* tables 1 latitude + 4,4 | + 577 + ++ 


'Touve le "MM. , 4, 
3 du g { 
ty; 


'Woptant la latitude de $ au moment de la d donnce par les contacts interienrs de 1 & 55",1 


O 


1 15 45 22,8 en, ſuppoſant Vinclinaiſon de Vorbite 7 © Oavec M. CAssINI. 
| 15 44 5597 en ſuppoſant Tinclinaiſon « de Porbite 6 59 20 avec HALLEY. U 
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| aink que la latitude de Mercure en conjonction de 1“ 3 plus pe- 
.tite. .. aux deux obſcryations du centre de Mercure ſur ries 


dixièmes de ſeconde ſeulement plus petite. Cette difference _ 


Contacts de I * qu' entre ceux de la ſortie, c'eſt a dire l'un 0 
Lautre de 5, 35 Enſuite je trouve qu'il $'etait ecoule 2“ o” 


eſtime le centre 'de Mercure ſur le bord du ſoleil, au lieu de 


tz ſortie, la difference 17” fait voir que Jai -eftime le centre de 
| Mercure plus pres du contact exterieur à Ventree qu'à la ſortie, 


des contacts intéricurs(puiſque Perreur de l' une des deux obſerva+ 
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8. L'on voit par cette table que les contacts interieurs do- 
nent Theure du milieu du. paſſage; a 3 dixitmes, de econdepres.. V 


444 N 


la meme que les contacts exterieurs ; j Theure de la con jonction 


e 4 41354 &# # 


a 1,6 pres la meme *, et la plus courte diſtance des centres 


bords du ſoleil, elles donnent le r milieu du paſſage de 8”,7 plu- 
tot que les contacts interieurs, et, la plus courte diſtance des 
centres ainſi que la fatitude de Mercure en conjonction de 2 


dans V'heure du milieu du paſſage ne peut venir que de la ma- 
nicre dont j'ai eftime le centre de Mercure; car il y a d'abord 
ſeconde pour ſeconde le meme intervalle de tems entre les deux 


depuis le ſve N extẽrieur de entree juſqu au moment on Jai 


2/ 17” qu'il y a entre les pareilles obſervations de la ſortie; mais 
cet intervalle de tems devant ètre le meme pour Fentree et pour 


ce qui devait auſſi avancer inſtant du milieu du paſſage ; or la 
moitie de ces 17 fait preciſement les 874. dont le milieu du 
paſſage eſt arrive plutot ſelon cette obſervation que ſelon celle 


tions n'eſt que la moitié ſur le milieu du paſſage). Tai donc 
marque Inſtant de Fobſervation du centre a Veftree plutöt qu'il 


* L'inſtant de la le difftre de 1,6 quoique celui du milieu du paſſage 
ne difftre que de o“, 3, parceque la portion de Vorbite. relative compriſe entre le 
milieu eu paſſage et la conjonction eſt plus grande pour une plus grande diſtance 


des centres. 


ne 


. = * 
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*. 
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= N 
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ne Kllat; cat je peticherai toujours 4 ervire plutdt que c ve Ceft itt 
celle de Teutrée que doit totnber Terreur, pitcaje 1 t pas 


encore vu Mercute fur le Aha « du ſoleil,” je ne porivais yas 
juger de fa grandeur auſſi bien quꝰà a la Hn a près avoir vu pen- 

dant toute la durée de fon paſſage. C'eſt auſſi en partle Par 
cette meme raiſon, jointe a celle qu on ne peut pas eſtimer avec 
quelque preciſion le centre d'un corps qu on ne voit paß en- 
tierement, que je puis avoir obſerve le centre de Merture fur le 
bord du ſoleil trop tot à Ventrce, et trop tard à la ſortie rela” 
tivement aux obſervations des contacts. Cette diſcuſfion; en 


apparence d'ailleurs pou importante, devient ici ꝰᷣune grande 
nẽceſſitẽ, parcequ il s'agit de montrer les defauts de deux ob- 


ſervations que je ne rejette qu' avec beaucoup de regrets; car 


Pobſervation du centre de la planete ſur le bord du ſoleil t 


pas affectèe de Veffet de pluſieurs Elemens (le diamètre de la 
planete et l'effet d'une atmoſphere qui Fenvelopperait) que nous 
connaiflons ſouvent mal, ou que nous ignorons abſolument, 
offrirait des avantages reels, 1 elle Pouvait ſe faire avec une 
certaine preciſion. I 

9. Quoique les rẽſultats de mes calculs s iecordent ez Z pour 
inſpirer quelque confiance, Je nai cependant pas été wp fatiſ- 
fait de trouver la plus courte diſtance des centres de 1 157 plus 
grande par les contacts extérieurs que par les contacts interieurs. 
Cette difference annonce une erreur dans les durèes. Ou la 
dure du paſſage entre les deux contacts exterieurs eſt trop pe- 
tite, ou celle des contacts interieurs eſt trop grande. Mais je 
me ſuis impoſe la loi de ne jamais faire aucune correction à 
mes obſervations lorſque je ne les ai accompagnees d' aucune 
marque qui me faſſe douter de leur bonte; je ne trouve donc 
aucune raiſon qui m' autoriſe a changer la duree des contacts 
intérieurs, et quand je voudrais m'Ecarter ici un moment de mes 
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le pourrais faire qu en conſideration de Vincertitude avec la- 
qualle on. peut eſtimer le contact exterieur de Pentree trop tard, 
et celui de Ia ſortie trop tot, ce qui eſt toujours probable ; 3 mais 
je ne la pourrais augmenter que tout au plus de 5 à 6 ſecondes 
de tems, pwiſqu'on a vu dans Particle precedent qu'il n'y a que 
17” Eincertitude ſur Veſtime des deux obſervations du centre de 
Mercure ſur les bords du ſoleil qui comparativernent entre elles- 
m8&mes ſe font beaucoup moins exactement. Or ces 5 ou 6 
ſecondes Paugmentation ſur la durte extEricure ne ſyffiſent pas 
a beaucoup. pres (car il en faudrait 106% pour reduire 2 a zero la 
difference qui ſe trouve entre les deux elves de la plus courte 
diſtance des centres. Il faut donc chercher ailleurs que dans 
les obſervations la cauſe de cette difference. Cc eſt ce que je 
crois pouvoir trouver dans Feffet d'une atmoſphere ſuppoite aus 
| tayr de Mercure, on. d' une cauſe ſemblable. E 

10. D apres les recherches que j'ai faites ſur Tatmoſphere de 
Venus a Poccafion de ſon paſſage en 1 769, et dont j'ai ẽtabli et 
demontre les principes dans un petit Traits complet fur les paſ- 
ſages de Venus et de Mercure, j'*<tais prevenu que la circon- 
ſtance caraQteriſtique de ce paſſage de Mereure qui Etait f deſa- 
avantageuſe à I'egard de utilitè qu'on en retire pour perfection - 
ner les tables, devait etre extremement favorable? a la determi- 
nation de l'effet d une atmoſphere qui environnerait Mercure, 
puiſque la planete paſſant fort pres du bord du ſoleil, fon 
mouvement ſe faiſait tres obliquement 2 a ce bord, et agrandiffait 
beaucoup l'effet d'une atmoſphere. En conſequence j je me ſuis 
fingulierement applique à obſerver ce paſſage et principalement 
les quatre contacts avec la plus grande attention, afin ce me 
eurer des obſervations ſuffiſamment exactes pour pouvoir 
m' en ſervir avec avantage 4 determiner Vefiet de cette atmo- 


ſphere, 


prineipes Nur e h duree des contacts extèrieurs, je ne 
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maintenant que les reſultats de mes calculs, de quelque maniere 
que je les combine, en ſuppoſant Fobſervation et le diametre de 
Mercure employe dans mes calculs rtgoureuſement exacts, min- 
diquent la preſence d'un effet ſemblable a celui d'une refraQtion 
ou inflexion que ſouffriraient les rayons ſolaires dans leur paſſage 
aupres du globe de Mercure. Voici comment. 

11. Jai demontre dans le petit Trait que je viens de citer 
que la combinaiſon des deux obſervations des contacts exterieurs 
doit donner le mème inſtant pour celui du milieu du paſſage 
que la combinaiſon des deux contacts interieurs, et que cet in- 
ſtant du milieu du paſſage deduit de l' une et de l'autre eombi- 
naiſon reſtera toujours abſolument le mEme, qu'on ſuppoſe la 
planete entource d'une atmoſphere ou non. Il eſt evident qu'a 
plus forte raiſon le milieu du paſſage deduit de la combinaiſon 
des deux obſervations du centre de la planete ſur la bord du 
ſoleil ne ſera point altere par l'effet d'une atmoſphere, puiſ- 
qu'elle n'influe pas mEme ſur chacune de ces deux obſervations 
ſeparẽment. Enſuite j'ai encore fait voir que dans la ſuppoſi · 
tion d'une atmoſphere autour de la planete qui paſſe ſur le 
diſque du ſoleil, le milieu du paſſage deduit de la combinaifon 
de Pobſervation du contact exterieur de Fentree avec celle du 
contact interieur de la ſortie, doit arriver plus tard ; et le mi- 
lieu du paflage donne par la combinaiſon du contact interieur de 
Pentree avec le contact exterieur de la ſortie, doit arnver pre- 
ciſement de la meme quantite plutòt que le milieu du paflage 
conclu par la combinaiſon des deux contacts interieurs, ou par 
celle des deux contacts exterieurs, ou, ce qui revient encore au 
meme, que le milieu du paſſage que donneraient indiſtinQe- 
ment toutes les obſervations des contacts combinees comme on 
voudra, fi la planete n' avait point d'atmoſphère, La difference 
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ſphere, ou FE moins à m' aſſurer de ſon exiſtence. Je pvis'dire 
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ou la quadtitẽ, dont le milieu du paſſage eſt troave-plus tird 
vu — __ Teffer: del APA de la n lo _— 
. En — de ces principes Jai Ager it encore 
deux combinaiſons pour en deduire le milieu du paſſage, et j'ai 
trouve que la combinaiſon du contact exterieur de l'entrèe avec 
Je contact interieur de la ſortie donne cet inſtant a zh. 400 13“, 63 
celle du contact interieur de Fentrée avec le contact exterieur de 
1a ſortie le donne a 3 h. 39“ 20%, 8. Or on a vu (art. 7.) que le 
milieu du paffage, felon la combinaiſon des deux contacts in- 
te rieurs et celle des deux contacts extericurs eſt arrive A 
3 h. 39 47, 2, quantite qui ſe trouve entre les deux precedentes 
et exactement à egales diſtances de l' une et de l'autre, ſavoir de 
26% 4. Il eſt donc evident que l'effet de Vatmoſphere de Mer- 
cure dans ce paſſage- ci a ëtẽ 26% 4 de tems ſur le milieu du 
paſſage, en faiſant abſtraction de toute autre cauſe qui peut avoir 
quelque influence ſur les obſervations des contacts. 
* 13. Mais ces 26“ 4ne peuvent provenir que de trois cauſes : ou 
de l'inexactitude desobſervations, ou d'une erreur ſur lesdiametres 
du ſoleil et de Mercure employes dans les calculs, ou de la refrac- 
tion des rayons ſolaires dans Patmoſphere de Mercure; ainſi que 
je Pai demontre dans mon petit Traits ſur les Paſſages de Venus et 
de Mercure, et ou j arrive, apres un examen rigoureux de toutes les 
hypotheſes poſſibles, a cette equation generale A Pe; 
dans laquelle A eſt la quantite determinee par les combinaiſons 
des obſervations, comme ici les 26% 4, et par conſequent con- 
nue; a, B, y, e, la part qui en appartient reſpectivement a 
Patmoſphere de la planète, a Verreur de ſon diametre, a celle 
du ſoleil et a l'erreur de l'obſervation. Je ferai remarquer ſeule- 
ment au ſujet de cette formule qu'il n'y a que Verreur ſur le 
diametre de la planète dont l'effet G pourrait quelquefois entrer 
dans 


* 
* 


) 


ee M. N AIO. | 8338 
has le valeur de eee negative, mais alors, lain 
de nuire . opinion d attribuer cet effet, qui aſt ici de 26. à 
Tatmoſphère de lac planste, elle i favoriſerait plutot. -Quant 
A erreer. fur le diametre du ſoleil, fon 'influence; peut ètre re- 
gardee comme nulle dans tous les cas, c eſt 4. dire peut tou- 
jours etre regards comme zero, à moins que l'erreur ſur . le dia- 
metre du ſoleil ne ſoit tres conſiderable, et & eſt un des avan- 
tages de ma methode pour determuner la yaleur, de A. Or la 
-probabilite ferait en faveur des obſervations, pviſqu elles don- 
nent, ce qui eſt conforme à la thetorie, le meme intervalle de 
tenis entre les deux contacts de Ventree qu' entre les deux con- 
tacts de la ſortie, ainfi Von aurait ici g. Quant aux deux 
autres cauſes; il n'en eſt pas de meme, puiſqu' il eſt evident par 
a formule generale qu'une meme quantite conſidèree comme 
erreur ſur les diametres, ou comme refrafion des rayons ſolaires 
dans l'atmoſphère de Mercure, eſt capable de produire exacte- 
ment le meme effet. Mais comme il eſt tres probable que les 
trois cauſes à la fois peuvent avoir concouru à produire ces 
26% 4 = A, et quil eſt abſolument impoſſible, d'apres ma me- 
thode comme d'après toute autre, de demeler les effets pour 
aſſigner a, chaque cauſe la part qui lui appartient dans la valeur 
de 4, le probleme reſtera indetermine à cet égard, par con ſé- 
quent ſi l'on ne veut admettre qu'une ſeule cauſe, on ſera libre 
de ſe decider pour l' une ou pour Tautre; or la queſtion n'etant 
plus alors qu'une affaire d opinion, le choix doit tomber nẽceſ- 


ſairement ſur la cauſe qui eſt la moins counue, et dont nous ne 


pouvons pas raiſonnablement conteſter exiſtence. On peut donc 
fort bien attribuer cet effet à Fanden de Mercure ſans 


craindre de ſe tromper beaucoup. Il s' en fuit donc qu' en re- 
gardant ces 260,4 ſimplement comme effet de Patmoſphere de 


Mercure, la quantite, qui en reſulterait pour Vinflexion on la 


refraction 
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2346 Obſerwatians ds Pace dt Mercure 
traction reelte de cette at! ' nous aſſfurerait au moins 


dunè eſpece de lite qu'elle ne furpaſſerait jamais ou du moin 
tröstarement, puiſque” Finflezion des rayons ſolaires, à elle. 
eule, ne peut égaler la ſomme des trois eauſes dont elle fait 
partie, que dais I hypotheſe particulikre des deux autres égales 
A ZEr. Cette manière d'enviſager le probleme me donnera du 
moins une eonnaiſſance approchee de la valeur de la refraction de 
Tattnoſphère de Mercure, dont je n'aurais ſans cette recherche 
-abſolument aucune idee. Or il me ſemble qu'il vaut mieus 
2acquerir une connaiflance imparfaite que de reſter dans Ow 
"rance abſolue. — Went 
14. La quantitede cet effet, quel qu'il ſoit, Etant donc con- 
nue, j'ai cherehẽ à concilier les deux valeurs de la plus courte 
diſtance des centres trouvtes par les contacts intericurs et ex- 
terieurs, et pour cet effet je me ſuis propoſe ce probleme qui doit 
sen ſuivre naturellement, puiſque la valeur de y peut toujours 
etre regardbe comme zero : Determiner le diametre du ſoleil, celu 
de Mercure cant connu par obſer vation, tel que la durde donnee par 
les contacts enterieurs et la durde. des contacts interiturs faſſent 
trouver, Pune et Pautre, la menie quantite pour valeur de Ja plus 
courte diſtance des centres. Ce probleme etant reſolu en nom- 
mant 4, la demi-durde entre les contacts exterieurs, 5 celle des 
contacts intErieurs, à le diametre de Mercure, æ la difference 


des demi-diametres de Mercure et du ſoleil, y la plus courte 


0 | A a EF 
diſtance des centres cherchee, je trouve x == a 


e. 
\/ (— < 7 1 b"; formules qui Etant evaluees apres avoir con- 


venablement corrigs des 26,” 4 chaque obſervation des quatrs 
contacts, et augmente la duree des contacts exterieurs de ces 
60% dont j'ai parle ci- devant, me donnent 42 967 04 valeur plus 
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prtite de c 4 que celle que Favais f ſoppatee ang Yes end 
& 14 a4 plus grande de o %. que celle qui a £16, 


donnee par la combinaiſon des deux contacts  interigurs 5; ainſi tous. 


les rſultats trouvẽs Par cette combinaiſon Pp auront beſoin ap- 


cune correction, et je les adopterai, comme tant les meilleurs, | 
tels qu'ils ſont rapportẽs dans la table ci-deflus 2384 

15. En ſuppoſant donc que les 26% 4 ſoient produites gar 
[atmoſphere de Mercure, Je trouve o 276 pour la re fraction 
horizontale de cette atmoſphere, Les. obſeryations du paſſage: 
de Venus en 1 769 m ayant aunonee un effet ſemblable, d- enxiron 


g > g” de tems, je trouve fa refraction horizontale d environ, 
o 205 qui n'eſt qu'à peu pres les deux tiers de celle de Mercure. 


CONCLUSION. 


16. Quelque peu de confiance que Jattache 4 ces reſultats, et 
quelque ſoit Vopinion que j adopte pour choiſir entre les cauſes 


qui peuvent produire l'effet en Hueſhon, Je crots du moins pou- 


J 
> 
: * — 


voir conclure avec certitude, ee e we tais principalement 
propofe de prouveſ gans 95 Memoire, que.) g/ obſervations dont 
il s agit ici, malgit le degre & Incertitule 0 — huiſſe leur ſup- 


| Ph — 
celui d'une atmoſphere eur e oo 
a, ſoit qu'il provienns eff ö y 


gte; et que cet 
e-#moſphere, ou 
e, ou - une erreur dans 


les obſervations, ou qu'il 8 witat de VaQtion ſimultance 


des trois cauſes reumes, il ſe fait Os evidemment dans toutes 
les obſervations des paſſages de Venus et de Mercure, du moins 
dans toutes celles que j'ai calculees. Par conſequent Finfluence 
de ces cauſes qui alterent les obſervations d'une maniere fi ſen- 
ſible me parait, ſous tous les points de vue, meriter PFattention 
des aſtronomes ; et je ſuis tres perſuade que faute d'y avoir eu 
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328 Obſervatidas du W al Merciits, Se. 
e itt dans 1 ebtnparaiſon des obſervations du” paſſage de Vein 
pour Al Aeduirs Ia ' parallaxe du Tofeil, bien des aftrotionics fe- 
rien lune ee de becbmmenber levr caleul.” "Parton 
je r dl pas be * reproche 1 
F a le pos Wee Veffet dune pe autour de Venus 
en choiſiſſant les obſervations pour en faire la cbmparaiſon do 
maflisre que Peffet de cette atmoſphere, qu'il ait exiſte ou non, 
{© Moubait toujours reduit A zr. C'eſt ainſi que dans mon 
Met Boire fur 18 "paſſage de Venus en 17695 Jai fixe A 8“ 7 la pa · 
rillaxe horizontals du Toll dans fs moyennes diſtances a 1a 
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XXV. 7. Boughts 6 on the conflituent Parts irq "Water and of De- 
' phlogiflicated Air; with an Account of ſome Experiments on 
that Subject. In a Letter from Mr. James Watt, Engineer, 
10 Mr. De Luc, XY 5 


"2 * . 8 p 4 


Read April 29, 1784. 
N . rn 
D ee R 1 b. Ry oy ; | November ob 1784. 


N compliance ach. ous: 1 I 1 you an account of the 
hypotheſis I have ventured to form on the probable cauſes 


* 


of the production of water from the deflagration of a mixture 


of dephlogiſticated and inflammable airs, in ſome of our friend 
Dr. PaIEsTLEY's experiments. 

I feel much reluctance to lay my 8 on Abel ſubjects 
wt the public in their preſent indigeſted ſtate, and without 
having been able to bring them to the teſt of ſuch experiments 
as would confirm or refute them; and ſhould, therefore, have 
delayed the publication of tliem until theſe experiments had 
been made, if you, Sir, and ſome other of my philoſophical 
friends, had not thought them as plavſible as any other conjec- 
tures which have been formed on the ſubject; and that though 
they ſhould not be veriſied by further experiments, or approved 
of by men of ſcience in general, they may perhaps merit a 
diſcuſſion, and give riſe to experiments which may throw light 
on ſo important a ſubject. 

I firſt thought of this way of ſolving the phznomena i in 
endeavouring to account for an experiment of Dr. PrIEsT- 
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330 Mr. W aTT's Thong hrs oh: the conflituent 
LEY's, wherein water appeared to be converted into air; and I 
communicated my ſentiments 1n a letter addrefled to him, dated 
April. 26, 1783* 35 with a requeſt that he would do me the 
honour to lay them before the Nepal Society; but as, before he 
had an opportunity of doing me e that favour, he found, in the 
drofecbtion of his per ente, that the apparent converſion of 
water into air, by expoſing it to heat in poroùs earthen veſſels, 
was not a real tranſmutation, but an exchange of the elaſtic 
fluid for the liquid, in ſome manner not yet accounted for; 
therefore, as my theory was no Ways applicable to the explain- 
ing theſe experiments, I thought proper to delay its publica- 
tion, that I might examine the ſubje& more deliberately, which 
my other avocations have . me from doing e to this 
time. 

1. It Kai been known fer * time, that inflammable ai 
enten uch phlogiſton; and Dr. PxresTLEY has found, 
by ſome experiments made lately, that it is either Wholly 

a pure phlogi iſton, or at leaſt that it contains no apparent mlix- 
44 ure of any ether matter.“ (In my opinion, however, it 
contains A 1 par of water and much elementary 
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* This letter Dr. n node at London; and, after ſhewing it to 
ſeveral Members of the Royal Society, he delivered it to Sir TosEPEH Banks, the 
Preſident, with a requeſt that it might be read at ſome of the public meetings of 
the Society ; but before that could be complied with, the author, having heard of 
Dr. ParrsriEvY's new experiments, begged that the reading might be delayed. 
The letter, therefore, was reſetved until the 22d of April laſt; when, at the 
author's requeſt, it was read before the Society, It has been judged unneceffary to 
print that letter, as the eſſential parts of it are repeated, almoſt verbatim, in 
this letter to M. Dz Luc; but, to authenticate the date of the author's ideas, the 


parts of it which are contained in the preſent letter are marked with double 
commas. 


6 


heat.) 


— 


/ 

Parts of Mater ang of Nepplogifticated Air. 33 
heat .) * He found, that by expoſing the calces of metals 
« to the ſolar rays, concentrated by a lens, in a veſſel contain- 
cc ing inflammable air only, the calces of the ſofter metals 
were reduced to their metallic ſtate; and that the inflam - 
mable air was abſorbed in proportion as they became phlogiſti- 
cated ; and, by continually ſupplying the veſſel with inflamma- 
ble air, as it was abſorbed, he found, that out of 101 ounce mea- 
ſures, which he bad put into the veſſel, 99 ounce meaſures were 
abſorbed by the calces, and only two ounce meaſures remained, 
which, upon examination, he found to be nearly of the ſame 
quality the whole quantity had been of before the experiment, 
and to be ſtill capable of deflagrating in conjunction with at- 
moſpheric or with dephlogifticated air. Therefore, as ſo great a 
quantity of inflammable air bad been abſorbed by the metallic calces ; 
the effett of reducing them to their metallic ſtate bad been praduced; 
and the ſmall remaining portion was flill unchanged, at leaſt had 
ſuffered no change which might nat be attributed to its original want 
of purity; it was reaſonable to conclude, that inflammable air muſt be 
the pure phlogiſton, or the matter qwhich reduced the c to 
metals. 

2. The ſame ingenious philoſopher mixed together cer · 
4 tain proportions of pure dry dephlogiſticated air and of purg 
dry inflammable air in a ſtrong glaſs veſſel, cloſely ſhut, 
% and then ſet them on fire by means of the electric ſpark,” 
in the ſame manner as is done in the inflammable air piſtol. 
The firſt effect was the appearance of red heat or inflamma- 


* Previous to Dr. PxizsTLEY'S making theſe experiments, M. KIR wax had 
proved, by very ingenious deductions from other facts, that inflammable air was, 
in all probability, the real phlogiſtan, in an aerial form, Theſe arguments were 
Perfectly convincing to me; but it ſeems more proper to reſt that Part of the 
Preſent hypotheſis on the direct experiment. 
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333 Mr. Ware 's Thraghts on the conflitutnt 
« tion in NY airs, which was ſoon followed by the glaſs veſſel 


e becoming hot. The heat gradually pervaded the glaſs, and 


« was diflipated in the circumambient air, and as the glaſs 
grew cool, a miſt or viſible vapour appeared in it, which 
«© was condenſed on the glaſs in the form of moiſture or dew *. 
When the glaſs was cooled to the temperature of the atmo- 
* ſphere, if the veſſel was opened with its mouth immerſed in 
e water or mercury, ſo much of theſe liquids entered, as was 
44 ſufficient to fill the glaſs within about +2,dth part of its 
ce whole contents; and this ſmall reſiduum may ſafely be con- 
e cluded to have been occaſioned by ſome impurity in one or 
e both kinds of air, The moiſture adhering to the glaſs, after 
de theſe deflagrations, being wiped off, or ſucked up, by a 
« ſmall piece of ſponge paper, firſt carefully weighed, was 
<c found to be exactly, or very nearly, equal in weight to the 
4e airs employed. 
In ſome experiments, but not in all, a ſmall quantity of 
& a ſooty-hke matter was: found adhering to the inſide of the 
« glaſs, the origin of which is not yet inveſtigated ; but Dr. 
PrIESTLEY thinks, that it ariſes from ſome minute grains of 
the mercury that was uſed in order to fill the glaſs with the 
air, which being ſuper-phlogifticated by the inflammable air, 
aſſumed that appearance; but, from whatever cauſe it pro- 
ceeded, the whole quantity of ſooty-like matter was too 
* ſmall to be an object of conſideration, particularly as it did 
not occur in all the experiments.“ £4 

I am obliged to your friendſhip for the account of the expe- 
riments which have been lately made at Paris on this ſubject, 


* T believe that Mr. CavenvDisn was the firſt who diſcovered that the com- 


buſtion of dephlogiſticated and inflammable air produced moiſture on the fides of 
the glaſs in which they were fired, 


with 
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Parts f Water and of Dephleg ificated Air. 333 
with large quantities of theſe two kinds of air, by which the 
efſential point ſeems to be clearly proved, that the deflagration or 
union of dephlogiſticated and inflammable air, by means of 
ignition, produces a quantity of water equal in weight to the 
airs; and that the water, thus produced, appeared, by every 
teſt, to be pure water. As I am not furniſhed with any parti- 
culars of the manner of making the experiment, I can make 

; no obſervations on it, only that, from the character you give me 

|; of the gentlemen who made it, there 1s no reaſon to doubt of 

| its being made with all neceffary precautions and accuracy, 
which was farther ſecured by the large quantities of the two 
airs conſumed. 

| 3. Let us now conſider what obviouſly happens in the 

| « caſe of the deflagration of the inflammable and dephlogiſti- 

e cated air. Theſe two kinds of air unite with violence, they 

become red-hot, and upon cooling totally diſappear. When 

« the veſſel is cooled, a quantity of water is found in it equal 

eto the weight of the air employed. This water is then the 

„only remaining product of the proceſs, and water, light, and 

*« heat, are all the products, unleſs there be ſome other mat- 

ter ſet free which eſcapes our ſenſes. 

« Are we not then authoriſed to conclude, that water is com- 

« hoſed of depblogiſticated air and pblogiſton, deprived of part of 

&« their latent or elementary heat; that depblogiſticated or pure air 

&* is compoſed of water deprived of its phlogiflon, and united to 

t elementary heat and light; and that the latter are contained in 

eit in a latent flate, fo as not to be ſenſible to the thermometer or 

&* to the eye; and if light be only à modification of heat, or a cir- 

te cumſtance attending it, or à component part of the inflammable 

air, then pure or depblogiſticated air is compoſed of water de- 

* prived of its phlogiſton and united to elementary beat? 
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4. It appears, that dephlogiſticated water, or, which 
may be a better name for the baſis of water and air, the cle. 
ment you call 4umar, has a more powerful attraction for 
« phlogiſton than it has for latent heat, but that it cannot 
© unite with it, at leaſt not to the point of ſaturation, or to 
the total expulſion of the heat, unleſs it be firſt made red- 

% hot,“ or nearly ſo. The electric ſpark heats a portion o 
40 it red-hot, the attraction between the hut humor and the = 


21 
El 
- « firſt portion heats a Sad, bc operates in a like manner 
7 | «on the adjoining particles, and ſo continually until the whole 
Ya & js heated red-hot and decompoſed.” Why this attraction 
_ does not-take-place to the ſame degree in the common tempera- or 
| ture of the atmoſphere, is a queſtion I am not yet able to 1 
= Jolve ; but it appears, that, in fome circumſtances, *<* dephlo- 41 
| 1 « giſticated air can unite, in certain degrees, with phlogiſton 
= * without being changed into water.” Thus Dr. PxIEsTLEI 
1 has found, that by taking clean filings of iron, which, alone, ſal 
is produce only inflammable air of the pureſt kind, and mercurius he 
a caleinatus per ſe, which gives only the pureſt dephlogiſticated {rb 
4@q air, and expoſing them to heat, in the ſame veſſel, he obtained or. 
0 | neither dephlogiſticated nor inflammable air, but in their 
1 4 place fixed air.” Yet it is well known, that a mixture of * 
li dephlogiſticated and inflammable air will remain for years in 6 
I Cloſe veſſels in the common heat of the atmoſphere, without 8 
" ſuffering any change, the mixture being as capable of deflagra- F 
1} 4 tion at the end of that time as it was when firſt ſhut up. 3 
| 1 | Theſe facts the Doctor accounts for, by ſuppoſing that the two 
1 kinds of air, when formed at the ſame time in the ſame veſſel, Y 
þ if can unite in their naſcent ſtate ; but that, when fully formed, : 


| © 4 they are incapable of acting upon one another, unleſs they are 
\ id- 3 firſt 
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art ſet in motion by externa} heat. Phlogiſticared air ſeems 
« alſo to be mother compofition-of phlogiſton and dephlogiſti- 
« cated air; but in what proportions they are united, or by 
what means, is ſtill unknown. It appears to me to be very 
probable, that fixed air conthins a greater quantity of phlo- 
giſton than pklogiſticated air does, becauſe it has a greater 
ſpecific gravity, and becauſe it has more affinity with water. 

5. For many years I have entertained: an opinion, that air 
« was 4 modification. of water, which was originally founded 
g the facts that in moft caſes, wherein air was actually 
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6 made, which ſhould be diſtinguiſhed from thoſe wherein it 
is only extricated from fubſtances containing iv in their pores, 
or otherwiſe united to them in the ſtate of air, . the ſub- 
« ftances were ſuch as were known to contain water as one of 
« their conſtituent parts, yet no water was obtained in the 
« proceſſes,” except what was known to be only looſely con- 
nected with them, ſuch as the water of the cryſtallization of 
falts, ** This opinion aroſe from a diſcovery,” that the latent 
heat contained in ſteam ditmifiifhed in proportion as the fen- 
ſcble heat of the water from which it was produced increaſed ; 
or, in other words, that the latent heat of ſteam was leſs 
hen it was produced under a greater preſſure, or in a more 
* denſe ſtate, and greater when it was produced under a leſs 
© preſſure, or in a leſs denſe ſtate; which led me to conclude, 
% that when a very great degree of heat was neceflary for the 
production of the ſteam, the latent heat would be wholly 
6 changed into ſenfible heat; and that, in ſuch cafes, the 
* ſteam itſelf might ſuffer ſome remarkable change. I now 
* abandon this opinion in ſo far as relates to the change of 
* water into air, as I think that may be accounted for on better 
© principles.” Wot 
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6. In every caſe, wherein dephlogiſticated air has been 
” produced fubſtances have been employed, ſome of whoſe 
«6, conſtituet parts have a ſtrong attraction for phlogiſton, and, 
& as, it would appear, a ſtronger. attraction for that ſubſtance 
„than humor has; they 1 ſhould, therefore, dephlogiſticate the 
4 water ar fixed air, and the humor thus ſet free ſhould unite 
to the matter of fire and light and become pure air. Dephlo- 
giſticated air. is produced in great abundance from melted nitre. 
The acid of nitre has a greater attraction for phlogiſton than 
any other ſubſtance is known to have; and it is alſo. certain, 
« that nitre, beſides its water of cryſtallization, contains 2 
quantity of Water as one of its elementary parts, which 
water adheres to the other parts of the nitre with a force 
& ſufficient to enable it to ſuſtain a red heat. When the nitre 
<« is melted; or made red-hot, the acid acts upon the water and 
s dephlogiſticates it; and the fire ſupplies the Humor with the 
6 due quantity of heat to; conſtitute it air, under which form 
it immediately iſſues. It is not eaſy to tell what becomes of 
« the acid of nitre and phlogiſton, which are ſuppoſed to be 
united,“ as they ſeem to be loſt in the proceſs. Dr. PRIEsT- 
LEY has lately made ſome experiments, with a view to. aſcer- 
tain this point. He diſtilled dephlogiſticated air from pure 
nitre, in an earthen retort glazed within and without. He 
employed, 2 OZ. 960 grains of nitre: the retort was placed in 
an air furnace, and, by means of an intenſe heat, he obtained 
from the nitre in one experiment 787, and in another experi- 
ment 800 ounce: meaſures of dephlogiſticated air; and he found 
that, upon weighing the retort and nitre before and after the 


proceſs, they had ſuffered a loſs of weight equal to the weight 
of the air, and to the water of. cryſtallization of the nitre, but 
nothing more. He remarked, that the air had a pungent. 


ſmell, 
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the water in which the air was received had become lightly 


kind as to ſend me, and found by it that the whole of the te- 
ceiving water had contained the acid belonging to 2 drams 


the reſiduum highly alkaline, yet containing a minute quan- 
tity of phlogiſticated nitrous acid. It had acted conſiderably: 
upon the retort, and had diſſolved a part of it; which was de- 
poſited in the form of a browniſh powder, when the ſaline 
part was diſſolved in water. This earthy powder I have not 
yet thoroughly examined, but have no doubt that it princi- 
pally conſiſts of the earth of the retort. This experiment, 
and all others tried in earthen veflels, leave us ſtill at a loſs 
to determine what becomes of the acid and phlogiſton. They 
ſeem either to remain mixed with the air, in the form of an 


of the retort, in ſome manner ſo as not to be eaſily ſeparated 
from them ; or elſe they are imbibed by the retorts themſelves, 
which are ſufficiently porous to admit of ſuch a ſuppoſition. 
All that appears to be concluſive from ihis experiment is, that 
above one half of the <weight of the nitre was obtained in the form 
of dephlogifticated air; and that the lan full contained fore 
Wrous acid united to phlogiſton. 

& / Finding that the action of the nitre on has retort tended 
to prevent any accurate examination of the products, I had re- 
courſe to combinations of the nitrous acid with earths from 


from nitre itſelf, As theſe proceſſes have been particularly de- 
{cribed by Dr. PaIEsTLET, by Mr. SCHEELE, and others, I 


Vol. LXXIV. „ {hall 


ſmell, which he could not -diveſt it of by waſhing ; and that 


acid. I examined a portion of this water, which he was ſo 


120 grains of nitre. I alſo examined the reſiduum and the 


retort in which the diſtillation had been performed, and found. 
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incoercible gas; or to unite with the alkali, or with the earth 


which the dephlogiſticated air is obtained with leſs heat than 
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ſhall not enter into any detail of them; but ſhall mention the 
general phznomena which a - and which relate to the 
preſent ſubject. | 

The earths I ufed were magneſia alba, ed _— and 
minium or the red calx of lead. I diſſolved them in the re- 
fpective experiments in nitrous. acid dephlogiſticated by boiling, 
and diluted with proper proportions of water. F made uſe of 
glaſs retorts, coated with clay; and I received the air in glaſs 
veſſels, whoſe mouths were immerſed in a glazed earthen ba- 
fon, containing the ſmalleſt quantity of water that could be 
uſed for the purpoſe. As ſoon as the retort was heated a little 
above the heat of bailing water, the ſolutions began to diſtil 
watery vapours containing nitrous acid. Soon after theſe va- 
pours ceaſed, yellow fumes, and in ſome of the caſes dark red 
fumes, began to appear in the neck of the retort; and at the 
ſame time there was a production of dephlogiſticated air, which 
was greater in quantity from ſome of theſe mixtures than from 
others, but continued in all of them until the ſubſtances were 
reduced to dryneſs. I found, in the receiving water &e. very 
nearly the whole of the nitrous. acid uſed. for their ſolution, but 
highly phlogiſticated, ſo as to emit nitrous air by the applica- 
tion of heat; and there is reaſon to beheve, that with more 
precaution the whole might have been obtained. 


enable me to judge whether any of the real acid entered into 
the compoſition of the air obtained, I ceaſed to purſue them 
further, having learned from them the fact, that however much 
the acid and the earths were dephlogiſticated before the ſolution, the 
acid always became highly phlogiſticated in the proceſs. 


8. As the quantity of dephlogiſticated air produced by theſe 
proceſſes did not form a ſufficient part of the whole weight, to 
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In order to examine whether this phlogiſton was furniſhed by 
the earths, ſome dephlogiſticated nitrous acid was diſtilled 
from minium till no more acid or air came over. More of the 
ſame acid was added to the minium as ſoon as it was cold, and 
the diſtillation repeated, which produced the ſame appearance 
of red fumes and dephlogiſticated air. This operation was re- 
peated a third time on the ſame minium, without any ſenſible 
variation in the phænomena. The proceſs ſhould have been 
ſill farther repeated, but the retort broke about the end of the 
third diſtillation. The quantity of minium uſed was 120 
grains, and the quantity of nitrous acid added each time was 
240 grains, of fuch ſtrength that it could diffolve half its 
weight of mercury, by means of heat. 

It appears from this experiment, that unleſs minium be ſuppoſed 
to confift principally of pblogiſton, the ſource of the phlogiſton, thus 
obtained, was either the nitrous acid itſelf, or the water with 
which it was diluted; or elſe that it came through the retort with 
the light, for the retort was in this caſe red-hot before any air was 
produced; yet this latter concluſion does not appear very ſatiſ- 
factory, when it is conſidered, that in the proceſs wherein the 
earth made uſe of was magneſia, the retort was not red-hot, or 
very obſcurely ſo, in any part of the proceſs; and by no means 
luminous, when the yellow and red fumes firſt made their 
appearance. 

9. As the principal point in view was to determine whether 
any part of the acid entered into the compoſition of the air, I 
reſolved to employ ſome ſubſtance which would part with the 
acid in a moderate heat, and alſo give larger quantities of 
air than had been obtained in the former proceſſes. Mer- 
cury was thought a proper ſubſtance for this purpoſe. 240 
grains of mercury were put into a glaſs retort with 480 grains 
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tity neceſſary to diſſolve the whole of the mercury, a gentle 
heat was applied, and as ſoon as the common air contained in 
the retort was diſſipated, a veſſel was placed to receive the ni- 
trous air proceeding from the ſolution, which was 16 ounce 


meaſures. When it had ceaſed to give nitrous air, the neck of 
the retort became hot from the watery ſteams of the acid. The 


air receiver. was taken away, and a common receiver was luted 
on, with a little water in it, to condenſe the vapours, and a 
quantity of dilute, but highly phlogiſticated, acid was caught 
in the receiver. When the watery vapours had nearly come 
over, and yellow fumes appeared m the neck of the retort, 
the common receiver was removed, and the air receiver re- 
placed; about four ounces of very ſtrong nitrous air paſſed up 
immediately, the fumes in the retort became red, and dephlo- 
giſticated air paſſed up, which, uniting with the nitrous air in 
the receiver, produced red fumes in the receiver; and the two 
kinds of air acting upon one another, their bulk was reduced 
to half of an ounce meaſure. At this period the fumes in the 
retort were of a dark red colour, and dephlogiſticated air was 
produced very faſt. After a ſhort time, ſome orange - coloured 
ſublimate appeared in the upper part of the retort, and ex- 
tended a little way along its neck, the red colour of the fumes 
gradually difappeared, and the neck of the retort became quite 
clear. At the fame time that this happened, ſmall globules of 
mercury appeared in the neck of the retort, and accumulated 
there until they ran down in drops. The production of the air 
was now very rapid, and accompanied with much of the white 


cloud or powdery matter, which paſſed up with the air into the 


receiver, and mixed with the water, but did not diflolve in it. 
After giving about 36 ounce meafures of dephlogiſticated air, 
it 


of Alutech depblogiſticated nitrous acid, which was the quan- | 
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it ſuddenly ceaſed to give any more; and the retort being 


cooled, the bulb was found to be quite empty, excepting a 
ſmall quantity of. black. powder, which, on being rubbed on 
the hand, proved to be moſtly running mercury. The orange- 
coloured ſublimate was waſhed out of the neck of the retort, 
and what running mercury was in it was feparated, and added 
to that which had run down into the baſon among the water. 
The whole fluid mercury, when dried, weighed 218 grains; 
therefore 22 grains remained in the form of ſublimate, which, 
I believe, would alſo have been reduced if I could have applied 
heat in a proper manner to the neck of the retort, as ſome of 
it, to which heat could be applied, diſappeared. 

10. The 16 ounce meaſures of nitrous air, which had been 
produced in the ſolution. of the mercury, and had remained 
confined by water in the receiver, was converted inte nitrous 
acid by the gradual admiſſion of. common air, and was taken 
up by the water ; this water was added to that in the baſon, 
which had ſerved to receive the dephlogiſticated air; The 
whole quantity was about two quarts, was very acid to the 
taſte, and ſparkling with nitrous air. It was immediately put 
into bottles, and well corked, until it had loſt the heat gained 
in the operation. In order to determine the quantity of acid 
in the receiving water and in the ſublimate, I diſſolved, firſt, 
alkali of tartar in water,. and filtered the ſolution. 352 grains 
of this alkaline ſolution ſaturated 120 grains of the nitrous 
acid I had employed to diſſolve the mercury, and 1395 grains 
of the ſame alkaline ſolution ſaturated the orange-coloured pre- 
cipitate, and all the acid liquor obtained from the proceſs : 
therefore we have the proportion as 352: 120 :: 1395: 475» 
from which it appears, that all the acid employed was re- 


covered again in the form of acid, excepting only five grains; 
a {maller 


* 
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a ſmaller quantity than what might reaſonably be ſuppoſed to 
a = loſt i in the proceſs by the extreme volatility of the nitrous 
In order to aſcertain The exact point of ſaturation, {lips 
pr paper, ſtained by the juice of the petals of the ſcarlet roſe, 
were employed, which were the niceſt teſt I could procure, 
as litmus will not ſhew the point of ſaturation of any liquor 
containing much phlogiſticated nitrous acid, or even fixed 
air, but will turn red, and ſhew it to be acid, when the teſt of 
thoſe leaves, violets, and ſome other of the like kind, will turn 
green in the ſame liquor, and ſhew it to be alkaline. But the 
exact point of ſaturation of ſo dilute a liquor is ſo very difficult 
to aſcertain, than an error might eafily be committed, not- 
withftanding the attention beſtowed upon it. Suppoſing this 
experiment to be unexceptionable, the' concluſions which may 
be drawn from it are very favourable to the hypotheſis I endea- 
vour to ſupport. Thirty-fix ounce meaſures of dephlogiſticated 
air were obtained, and only five grains of a weak nitrous acid 
were loft in the proceſs. Two hundred and eighteen grains of 
f mercury out of two hundred and forty were revived, and all the 
depblo gift cated nitrous acid employed is found to be highly phlogifti- 
cated in the proceſs. It appears, that the nitrous acid does not 
enter into the compoſition of dephlogiſticated air; it ſeems only to 
ſerve to abſorb phlog! Non from the watery part of the mercurial 
nitre. 

11. As this laſt proceſs proved very tedious and complicated 
on account of the neceſſity of aſcertaining the quantity of acid 
in the receiving water, by means of an alkali which afforded a 
double ſource of error in the point of ſaturation, I reſolved to 
try the diſtillation of dephlogiſticated air from cubic nitre in a 


glaſs veſſel, and to draw from it only ſuch a quantity of air as 
it would yield without acting much upon the retort, which 
latter 
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latter circummſtance is eſſentially neceſſary to be. ,_ WE to. 
An ounce of the cryſtals of mineral alkali were diflolved i In. 
nitrous acid, and the mixture brought to an exact ſaturation by.. 
the teſt of litmus; 30 ounce meaſures of air were diſtilled from 
it, which, during the latter part of the proceſs, was accom». 
panied with ſlightly yellow fumes; the receiving water was 
found to be acid, and the reſiduum alkaline. The reſiduum 
being diſſolved in the receiving water, the ſolutien was neu- 
tral, or very nearly ſo, by every teſt ; for in this caſe litmus. 
might be uſed, as the acid was very ſlightly phlogiſticated. On 
adding a few drops of a very dilute nitrous. acid, the teſts. 
ſhewed the liquor to be acid... 

12. Encouraged by the ſucceſs of this experiment, I wk 
an ounce = 480 grains of pure common nitre, and put it into a 
flint-glaſs retort, coated, which was placed in a furnace. It 
began to give air about the time it became red-hot,, and during 
the latter part of the proceſs this air was accompanied with. 
yellowiſh fumes. I ſtopped the procefs when it had produced 
50 ounce meaſures of air. The receiving water, and parti- 
cularly the air, had a ſtrong but peculiar ſmell of nitrous acid. 
The air was well waſhed with the receiving water, but. was 
not freed from the ſmell. The receiving water, which was 
/ 50 ounces, was flightly acid, and the reſiduum alkaline, I 
diſſol ved the latter in the former, and found the mixture alka- 
line. 10 grains of weak nitrous acid were added to it, which 
ſaturated it, and 105 grains of this ſpirit of nitre was found to 
contain the acid of 60 grains of nitre; therefore the 10 grains 
contained the acid of 5, 7 grains of nitre, which, by Mr. Kis- 
WAN's experiments is equal to two grains of real nitrous acid. 
We have, therefore, 34 grains weight of dephlegiſticated air 
produced, and only two grains of real acid miſſing ;. and it is not 

certain 
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certain 1 this quantity was deſtroyed, becauſe ſome portiom 
of the glaſs of the retort was diffolved by the nitre, and ſorne 
part of the materials employed in making the glaſs being alkali, 
we may conclude, that the alkali of the nitre would be aug. 
mented by the alkali of that part of the glaſs it had diſſolved. 
As the glaſs cracked into {mall pieces on cooling, and ſome part 
of the coating adhered firmly to it, the quantity of the glaſs 
that was diſſolved could not be aſcertained. From this experi- 
ment it appears, that if any of the acid. of the nitre enters into 
the compoſition of the dephlogifticated air, it is a very ſmall part; 
and it rather ſeems, that the acid, or part of it, unites itſelf ſo 
firmly to the phlogiſton as to leſe its attraction for water. 
Ws vitriolic falts alſo yield dephlogiſticated air r by 
< heat; and in theſe caſes the dephlogiſticated air is always 
s attended with a large quantity of vitriolic acid air or ſul- 
<< phureous vapour,” even when the falts uſed are not known 
to contain any phlogiſtic matter. Mr. Schxxl ER mentions his 
having obtained dephlogiſticated air from manganeſe diſſolved 
in acid of phoſphorus, and alſo from the arſenical acid: from 
whence it appears, that theſe acids, or perhaps any acid which 
can bear a red heat, can concur to the production of dephlo- 
giſticated air. I is neceſſary to remark, that no experiments have 
been yet publiſhed fhewing that aepblogi ifticated air can be produced. 
From ſalts formed by the muriatic acid, The acids which produce 
ſalts ſuitable for this purpoſe, have all a ftrong affmity with 
phlogifton ; and the marine acid has either a very ſmall affinity 
wvith it, or elſe is already ſaturated with it, at leaft ſo far ſatu- 
rated as not to be able to attract it from the humor. 
14. The dephlogiſticated air obtained from the pure calces 
* of metals may be attributed to the calces themſelves, attract- 
12 os 4 the thlogiſton from water which they have imbibed from 
2 e the 


Pen 10 Witer 26d i EY | * 
« the atmoſphere, or from, dephlogiſticating the fixed e 
they aro-known- to contain, Ui 23H 1100 144 77 tw 5 49's . 
It is very probabie, that the dephlogiſticated | air extruded rom. 
growing. vegetables may he, owing to their. dephlogiſtigating the, 
water they gro in: but it appears mare probable, that the 


plarts have, poyr ot dephlogiſticting, the Bede gf, . 


giſtitated. air f the atmoſphermſe. ow 
„Wien dephlogiſticated and nitrous air are wixed, the de- 
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6. « phlogiftieated air ſeizes part of the phlogiſion. of the, nitrous? 
6 air,” Thie water contained in the nitraus air, and the other. 
part of the phlogiſton, unite with the nitrous acid, which then 
aſſumes a liquid form, or at ſeaſt that of a denſe vapour 7; © an and. 
« that part of the latent, heat of the does airs not Wwe to the 
* new combination is ſet at lberty *..” In: 13516 01 "ha $157 


In the combuſtion, of ſalphur the ſame thing happens, $ 
in a greater degree ; for theyitziolic acid, having a much weaker 


1 1 


attraction for phlogiſton than air has, abandons it almoſt en- 
tirely to the later, which is thereby converted ; into water, and 
in that form attracts the vitriolic acid, and reduces it to a liquid. 
| ſtate; The fame 3 may 5 wales.» to oe HO 
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* 1s take upd me toideteripive, from any facts which has, comp te ay 
knowledge, whether any part of the dephlogiſlicated zig, employed. i i this D 
went is turned into fixed air ; put I ar am rather inclined to think that forme part is, 
becauſe the quantity of heat, which is 1230 by th le union of the two airs, 
does not ſeem to be fo great as' that which is ſeparated when the dephlegifticaten 
air is wholly changed into water e yet fome water appears to be formed, becauſe: 
when the mixture ia made over mercury, the ſolutiog of the mercury in the ni; 
trons acid aſſumes 2 eryſtallized form, 0 Werne may be due t to the _— 
part of the, nitrous air. Ss 7 
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15,1 malf not ” make, at preſent; ariy further, deductions 
from what I myſelf confider fill 3 in the Ught = a conjeaurat 


F ſhafl or 
ſubje&; "which, however, may poſſibly ſerve more to ſhew the 


& your attention to fome general reaſoning on the 


uncertainty of other ſyſtems on the conſtituent parts of air, than 
the certainty , of this. Some of thoſe ſyſtems ſuppoſe dephio- 
gifticated © air to be compoſed of af acid and ſomething elſe, 
ſome ſay phlogiſton. If an acid enters into the compoſition | of 
it, why does not that acid appear 3 Whew U air is decom- 
poſed, by means c 
the” water which is the product of this dend pure water ? 
And if an acid forms one of its conſtituent parts, 'why has no- 
body been able to detect an | difference i in the dephlogiſticated 
air, made by the Belp of ſeri acids; when compared with 
one another, or with the air extruded by vegetables? Theſe 
airs, of fuch different origins, appear to be exactly the ſame. 

And if phlog iſton de à conſtituent part of air, why does it at- 
tract Phlegitton With füch avidity ? Some have; on the other 
hand, contended that : air! is compoſed of earth, united to acids 
or phlogiſton, or t6 both, or to ſome other matter. Here qe 
muſt aſk, what earth it is which is one of the component 
Parts of air? All earths which will unite with the nitrous or 
vitriolic acids, and with ſome others, ſuch as the phoſphonic 
and the arſenical, acids, \ will ſerve as baſes for the formation! 
of air, and the air produced from all of them appears by every 
reſt to be the ſame, when freed from accidental impurities. 
To this argument it is anſwered, that it is not any particular 
| ſpecies of earth which 18. the bafis of air, but elementary or ſnn· 


pls carth, which is contained i in a. al of them. Tf this were the 
oC? * A 1.7.1 matter 
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Parts of Water and of Detblegiſtc 24. 347 
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matter of fact, would, not chat earth be founc after the decoin- 


ain of the _ 

Mr. SCHEELE has formed” an hypotheſis on this Cubject, i in 
which he ſuppoſes heat. to be : compoſed of dephlogiſticated a air 
united to phlogiſton, | and that this combin ation, is ſufficiently 
ſubtile to paſs through glaſs veliels., "He affirms, that the ni- 
trous and other acids, when in an ignited ſtate, attract the 
phlogiſton from the heat, and ſet the dephlogiſticated air at li- 
berty; but he does not ſeem to have been more ſucceſsful than 
myſelf in explaining what becomes of the acid of nitre and 
phlogiſton i in the caſe of the decompoſition of nitre by heat. 
And ſince we know, from the late experiments, that water is a 
compoſition of air, or more properly, humor and phlogiſton, his 
whole theory muſt fall to the ground, unleſs that fact be other- . 
wiſe accounted for, which it does not ſeem eaſy to do. 

16. To return to the experiment of the deflagration of 
dephlogiſticated and inflammable air, © it appears from the 
„ two airs becoming red-hot on their union, that the quantity 
&« of heat contained in one or both of them, is much greater 
than that contained in ſteam ; becauſe, for the firſt moments 
« after the exploſion, the water depoſited by the air remains in 
« the form of ſteam, and conſequently retains the latent heat 
due to that modification of water. This matter may be eaſily 
© examined by firing the mixture of dephlogiſticated and inflam- 
e mable air in a veſſel immerſed in another veſſel containing a 
6 given quantity of water of a known heat, and after the veſſel 
in which the deflagration is performed is come to the ſame 
1 temperature with the water in which it is immerſed, by ex- 
* amining how much heat that water has gained, which being 
* divided by the quantity of water produced by the decom-- .. 
* poſition of the airs, will give the whole quantity of elemen⸗ 
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e hear con raed mor e -en 
. be made more co eatly by wenns of the ex. 
—_ ich Mel.” LavoioteR and D* LA Pr Acn 
have contrived for hands purpoſes. £ ana fann A- 


Until cirect experitnents are e we may conclude, from 
thoſe which have been made by the gentlemen juſt named, on 
the decompoſitions of air by burying phoſphorns | and char- 
coal, that the heat extricated during the combuſtion of inflam- 
mable aud dephlogitticated air is much greater than rt appears 
to be; for they found chat one Paris once (= 576 Pariſian 
logiſticated air, wehen decompoſed by baiting 
phoſ] hos, melted 68 634 ounces of 1 ez and as, according to 
another of their experiments, ice, upon being melted, abſorbs 
I 35* of Fe by Fannexnert” 8 feale, each ounce of air 57 


matter which has 15 r capacity for receiving W as water 
has, from 320 to 926 53% a furpriling quantity! (It is to be 
underſtood, that all the latent heats mentioned herein are com- 
pared with the capacity of water). And when an ounce of 
dephlogiſticated air was changed into fixed air, by burning 
charcoal, or by the breathing of animals, it melted 29, 547 o. 
of ice; conſequently we have 29,547 * tag*= 3988, 945. the 
quantity of heat which an ounce of dephlogiſticated air loſes 
when it is changed i into fixed air. By the heat extricated dur- 
ing the detonation of one ounce of nitre with one ounce of 
fulphur, 32 ounces of 1 ice were melted ; and, by the experiment 
| have mentioned of Dr. PatesTLEY's (6), it appears that 

3 | HS nitre 


nitre can produces ohe half of ies weight of dephlogiſticated air; 
When the gte ind ſulphur are kindled, the dephlogifticated 
tür bf the nitre unites with the Phlogiſton of the ſulphur, arid 
ſas Its acid Free, Which immediately unites to the alkali of the 
nitre and produces vitriolated tartar. The dephlogiſticated air; 
united to the phlogiſton, is turned into water, part of which is 
abſotbed by the vitriolated tartar, and part is dillipated in the 
form of vapours, or unites to the nitrous air, or other air, pro» 
duced: i# the proceſs. is 
As half an ounce of dephlogiſicated air is, in thi rocks 
united by inflammation to a quantity of phlogiſton ſufficient to 
ſaturate it, and no fixed air is produced, it ſhould malt a quan- 
tity of ice equal to the half of what was melted by the com- 
bination of an obnce of ai with, phlagiſton in burning pbaſ- 
phorus; that is, it ſhould malt 34.1 ounces of ice; and we 
find, by Met, Layorstr and D EA PLACE'S experiment, 
that it actually melted 32 ounces of ice: the ſmall difference 


may be accounted for by ſuppoſing, that the heat produced by 


- 4 


the combuſtion” might not be quite fo | great as that Dr. 


PriESTLEY employed in his experiment 3 or that the nitre 
might be leſs pure; and conſequently not ſo much air formed. 
The two facts, however, agree near n to permit us to 


conclude, that deph/ogiſticated air, in uniting 10 the phlogiſton 
of fulþphur, produces as much beat as it * in 1 . the. 


phlogiſton of pheſpburun.. i 1 
17. According to Dr. Paratraayt $ eee dephlogiſ. 


ticated air unites compleatly with about twice its bulk of the 
flammable air from metals. The inflammable air being ſup». 
poſed to be wholly phlogiſton, and being —i.of the weight 
of an equal bulk of dephlogiſticated Air, and being double in 
quatſiry, will be 2 of the "weight of the dephlogiſticated air 
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it unites with. | Therefore one ounce. (576 grains) of dephio- 


giſticated; air, will require 120 grains of inſlammable air, t 
- phlogiſton; to convert it into water. And ſuppoſing the hegt 
extricated by the union of dephlogiſticated and inſlammable air 


to be equal to that extricated by the burning of phoſphorus, 
we ſhall find, that the unioti of 120 grains of inflammahle air 


with 576 ee 9 air, extricates 92650 4 


18. In che lat on the deflagration SY nitre wich a 
coal; by Meſſ. LAvolsizx aid DE LA PLACE, an ounce of 
nitre and one-third of an ounce of charcoal melted twelve 


ounces of ice. Suppoſing the ounce of nitre to have produced 


half an ounce of dephlogiſtirated air, it ought to have conſum- 
ed 0,1 507 ounces of charcoal, and ſhould have melted 14,773 
ounces of ice; and I ſuppoſe it: fell ſhort of its effect by the 


OE LIBESL] 1. 0 7 
19. By tack intiednen? 8 rpg meut an ounce of 8 
cohbived Heri its combuſtion 3, 316% ounces of dephlogiſticated air, 


and produced 3, 671 5 ounces of fixed air; therefore there was 


united to each ounce! of air, when changed into fixed air, 61, 5 


tians, with" depblegifticated air, does not extricate proportional quan- 
tities of heat. For the addition of 61,5 grains produces 3988˙. 
and the union of 120 grains produces 9265% This difference 


may ariſe from a miſtake in ſuppoſing the ſpecific gravity of the 
inflammable air Dr. Pa IRS THL EV employed to have been only 77 
of that of dephlogiſticated air; for if it be ſuppoſed that its 
ſpecific gravity was a little more than ; of that of the de- 


* air, then equal additions of phlogiſton would 


have 


heat not _ 8 IP intenſe to —— the nĩtre 1 


grains of phlogiſton, and 39889 of heat were extracted. I ab. 
pears by theſe facts, that the union of phlogiſion, in different propor- 
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have praczaced. equal quantities, of, best“: ** matter ſho 
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qherefpre. be put to the teſt of experiment, by. deflagratin 
phlogiſticated ai ir of a known f SES 


gravity or by finding how, mych. dephlogiſticated air is n 15 eceſ- 
fary for the combuſtion of an gunce of lolphur, the _ 
of phlogiſton in which has been. accurately determined by Mr. 


KiRWAN; or by. finding the quantity of. e in phoſ- 
phorys, the quantity of dephlogiſticated air neceſſary for its de 


compoſition - being. known from Mel. n and hi LA 
PLACE'S; experiments. | = 


EL 


On conſidering theſe. latter gentlemen” J experiments e on the 
combuſtion, of charcoal, a difficulty ariſes, to know what be 


| is 1890 


came of, the - xemaingler;; of the, ounce of charcoal; for 
depblogiſticated.. air, in becoming fixed air, gained duly the 


weight. of 9,3549, or about ,z, gf an ounce ; about + of 
an OUNCE Are therefore unaccounted for . "The weight or 


the aſhes of, an gunce of charcoal; is very inconſiderable; 3. and, 
by ſome experiments of Df. PRIESTLEY! 8, charcoal, , when freed 
from fixed air, and other air, which, it imbibes fi "ON | the atmoſ 2 
phere, is almoſt, wholly convertible into phlogiſ ON... The, ca uſe 


Aan reren ae of We 1 doubt Tray theſe on: 
"manner 
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* Ori ir wo) from m E in OG | wok the fine qfuamtity 
of | best | is AGE by the union of dephlogifticated air with phlogiſtdn, in the 


form Sf mflamniable air; as is by its Union with the Phlugiſton bf phoſphorus | % 
fulphac; and there appears to be ſome reaſon why, there Hopld not; becguſe i an 


thete | er reaſes the ater, being united to the ; acids, cannot retain ſo much ele- 
* f i331 38 retain pouch * als 


mentary heat as it can do wh left i in 2 the form of pure water, which Is 

11 1413 70 23 br KW, rp” 1 
when the, inflammable gir is uſed, Ee - d 
eiu ul: „ 20035 * 1 2045 N03 LOMIg 2cbinc ig 
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1 is alfo wa we of ertquitry,” whether all the amating an- 
. heat 911 e in thefe' 6x Experiments was dhtaned * 


* ee 40 Ar! or Whether the greateff portiotr ef it t 
containgd'in de phlogiffoli”6+ inflamimiable air. If it was 
i contained in e neger alt, „Ihe general rult it tut 
c , aft, that elaſtic c fluids att kilatged in their dimenfions in-propore 

Hon to the qu fe of heat they Contain” becauſe then; inflarh< 
mable air, which 18 ten times the bulk of deptifagitieated alt, 
muſt be ſuppoſed to contain no heat at all; 4+ and it ĩs Kwan, 
66 from ſome experiments of my friend Dr. Bt: ACK , and fone 
« i of my own, that the fear of 3 water, whoſe latent 


Nh ph pu Mor heat Wk be Cota; in 
101 4 


noe thack . 210112411 1h 22% It; 


of 
ole, Fils the 
X rarer Fluid. 
It may be de alleged, That" itt” prope tion to tlie quantity of 
phlog en ch at 18 "contained In ly flüüd, the quantity of heat 
honed, 10 if we keafdr Ey inalogy; che attraction of the 
articles of "matter to ont another in other” caſes/i is increaſed 
by Phlog zfton, and botlies are theteb by rendered ſpecifically 
. heavier ;** : and * know of' no other ſubſtanee beſides heat 
which can be ſuppoſed” to ſeparatꝭ the particles of inflammable 
air, and to cadow . it with ſo very great an elaſtic power, and 
e ſmall a ſpecific; gravity. On the other hand, if a "great 


quantity of elementary heat be allowed to be contained in in- 
flammable air; On account of its bulk, the ſame reaſoning, can- 
gat hold good in in reſpect to the phlogifton of phoſphorus, ſul- 

wm charcoal, &c. But all theſe ſubſtances contain other 


Matters beſides phlogiſton and heat. The acids in the ſulphur 


and 


w 
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and phoſphorus, and the alkali and earth i in charcoal, may at - 
tract the phlogiſton fo powerfully that the heat they contain 
may not be able to overcome the adheſion of their particles, 


until, by the effect of external heat, they are once removed to 


ſuch a diſtance from one another as to be out of the ſphere of 
that kind of attraction *. 


If it be found to be a conſtant fact, that equal e of 


phlogiſton to dephlogiſticated air do not extricate equal quan- 
tities of heat, that may afford the meaus of finding the quanti- 
ties of heat contained in phlogiſton and dephlogiſticated air re- 
ſpectively, and ſolve the problem. 

Many other ideas on theſe ſubjects preſent themſelves; but 
I am not bold enough to trouble you, or the public, with any 


ſpeculations, but ſuch as I think are ſupported * uncontro- 


ma facts. 


I muſt therefore bring this long letter to a concluſion, and 


leave to others the future proſecution of a ſubject which, how- 


ever engaging, my neceſſary avocations prevent me from pur- 


ſuing. I cannot however conclude, without acknowledging my 
obligations to Dr. PrIiesTLEY, who has given me every infor- 
mation and affiſtance in his power, in the courſe of my enqui- 
ries, with that candour and liberality of ſentiment which diſtin- 
guiſh his character. 

I return you my thanks for the obliging attention you have 
105 to this hypotheſis; and remain, with much eſteem, &c. 


JAMES WATT. 


On the whole, this queſtion ſeems to involve ſo many difficulties, that it cannot 
be cleared up without many new experiignts. 
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XXVI. Sequel to the Thong bis on the conflituent Parts of Water 


and Depblogiſticated Air. In a ſubſequent Letter from Mr. 


3 Watt, Engineer, to Mr. De Luc, F. R. S. 


Read May 6, 1784. 


DE AR S9-I R. | Biiminghany; . 
| wt N April zo, 1784. 


the reſults. 


In experiments where the dephlogiſtieated air is to be diſ- 
tilled from common or cubic nitre, theſe ſalts ſhould be puri- 
fied as perfectly as poſſible, both from other falts and from 
phlogiſtie matter of any kind; otherwiſe they will produce 


ſome nitrous air, or yellow fumes, which will leſſen the quan- 


tity, and, perhaps, debaſe the quality of the dephlogiſticated 


ceptible, until the alkaline part begins to act upon the glaſs of 
the retort, and even then they are very ſhghtly yellow. 


When earthen retorts are uſed, and a large quantity of air is 
drawn from the nitre, it acts very much upon the retort; diſ- 
ſolves a great part of it, and becomes very alkaline, retaining 
only a ſmall part of its acid, at leaſt only a ſmall part which 
6 


can 


N re-confidering tlie ſubject of my letter to you of the 

26th of November laft, I think it neceflary to reſume 
the ſubject, in order to mention ſome neceſſary cautions to thoſe 
who may chuſe to repeat the experiments mentioned there, and 
to point out ſome circumſtances. that may. cauſe variations in 


air. If the nitre is perfectly pure, no yellow fumes are per- 


Sequel io Mr; War rs. Thoughts, &c. 353 
can be made appear in any of the known forms of that acid; 
and unleſs retorts can be obtained of a true apyrous and com- 
pat porcelain, T ſhould prefer glaſs retorts, properly coated, 
for making experiments for the preſent purpoſe. 

In ſome of my experiments the nitre was left in the retort 
placed in a furnace, ſo that it took an hour or more to cool. 
In theſe caſes there was always a deficience of the acid part. 
which ſeemed, from ſome appearances on the coating, either 
to have penetrated the hot and ſoft glaſs, by paſſing from par- 
ticle to particle, or to have eſcaped by ſmall cracks which hap- 
pened in the retort during the cooling. There was the leaſt 
deficience of the acid when the diſtillation was performed as 
quickly as was practicable, and the retort was removed from 
the fire immediately after the operation was finiſned. In order 
to ſhorten the duration of the experiment, and conſequently to 
leſſen the action of the nitre on the retort, it is advifable not 
to diſtil above 50 ounce meaſures of dephlogiſticated air from 
an ounce of nitre. The experiment has ſucceeded beſt when 
the retort was placed in a charcoal fire in a chafing- diſh or 
open furnace; becauſe it is eaſy in that caſe to ſtop the opera- 
tion, and to withdraw the retort at the proper period. 

When the dephlogiſticated air is diſtilled from the nitre of 
mercury, the folution ſhould be performed in the retort itſelf, 
and the nitrous air produced by the ſolution ſhould be caught 
in a proper receiver, and decompoſed by the gradual admiſſion 
of common air through water ; and the water, which thus be- 
comes impregnated with the acid of the nitrous air, ſhould be 
added after the proceſs to the water through which the dephlo- 
giſticated air has paſſed. When the ſolution ceaſes to give any 
more nitrous air, the point of the tube of the retort ſhould be 
raiſed out of the water; otherwiſe, by the condenſation of the 
Aaa 2 watery 
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watery und acid vapours which follow, A partial exhauſtion will 
take place, and the receiving water will riſe up into the retort | 

ahd break it, or at leaſt {poi the experiment. A common re- | 
ceiver, ſuch as is ufed iu diſtilling ſpirit of nitre, ſhould be 
applied, with a little water in it, to receive the acid ſteam; and 
it ſhould be kept as cool as can conveniently be done, as thefe 
fumes are very volatile. This receiver ſhould remain as long 
as the fumes are colourleſs ; but when they appear, in the 
neck of the retort, of a yellow colour, it is a mark that the 
mercurial nitre will immediately produce dephlogiſticated air ; 
the receiver ſhould then be withdrawn, and an apparatus placed 
to receive the air. The reſt of the proceſs has been fufficiently 
explained in my former letter. 

The phlogiſticated nitrous acid, ſaturated by an alkali, will 
not cryſtallize; and, if expoſed to evaporation, even in the 
heat of the air, will become alkaline again, which ſhews the 

weakneſs of its affinity with alkalies when diflolved in water“; 
a farther proof of which is, that it is expelled from them by 
all the acids, even by vinegar (which fact has been obſerved 
by Mr. ScaeELE). I have obſerved, that litmus is no teſt of 
the ſaturation of this acid by alkalies ; for the infuſion of lit- 
mus added to ſuch a mixture will turn red, when the liquor 
appears to be highly alkaline, by its turning the infuſions: of 
violets, rofe leaves, and moſt other red Juices, green, This 
does not proceed from the infuſion of litmus being more fenſi- 
ble to the preſence of acids than other teſts; for I have lately 
diſcovered a teſt liquor (the preparation of which I mean to 
publiſh foon) which is more ſenſible to the preſence of acids 
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* You have informed me, that Mr. Cavexpisn has alſo obſerved this fact ; 
and that he has mentioned it in a paper lately read before the Royal Society ;, but [ 
had obſerved the fact previous to my knowledge of his paper. 


than 
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than litmus is; but which turns green in the ſame ſolution of 
phlogiſticated nitre that turns litmus red. 

The unavoidable little accidents which have attended theſe 
experiments, and which tend to render their reſults dubious, 
have prevented me from relying on them as full proofs of the 
poſition that no acid enters into the compoſition of dephlogiſti- 
cated air; though they give great probability to the ſuppoſi- 
tion. I have, therefore, explained the whole of the hypotheſis 
and experiments with the diffidence which ought to accompany 
every attempt to account for the phænomena of nature on 
other principles than thoſe which are commonly received by 
philoſophers i in general. And in purſuance of the ſame mo- 
tives it is proper to mention, that the alkali employed to ſatu- 
rate the phlogiſticated nitrous acid, was always that of tartar 
which is partly mild ; and I have not examined whether highly 
phlogiſticated nitrous acid can perfectly expel fixed air from an 
alkali, though I know no fact which proves the contrary. It 
ſhould alſo be examined, whether the ſame quantity of real 


nitrous acid is requiſite to ſaturate a given quantity of alkalr, 
whea the acid is phlogiſticated, as is neceſſary when it is de- 


phlogiſticated. 


As I am informed that you have done me the honour to com 
municate my former letter on this ſubje& to the Royal Society, 


I ſhall be obliged to you to do me the ſame favour in m_ to 


the preſent letter, if you judge that 1 it merits it. 


I remain, &c. 


JAMES WATT. 


[ 
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XXVII. An Attempt to compare and connect the Thermometer for 
Atrong Fire, deſcribed in Vol. LXXII. of the Philoſophical 
Tranſactiont, with the common Mercurial Ones. By Mr. Joſiah 
Wedgwood, F. R. S. Potter to Her Mags. 


Read May 13, 1784. 


'HIS thermometer, which I had the honour of laying 
before the Royal Society in May 1782, has now been 
found, from extenſive experience, both in my manufactories 
and experimental enquiries, to anſwer the expectations I had 
conceived of it as a meaſure of all degrees of common fire 
above ignition: but at preſent it ſtands in a detached ſtate, not 
connected with any other, as it does not begin to take place till 
the heat 1s too great to be meaſured or ſupported by mercurial 
ones. 

What is now therefore wanting, to give us clear ideas of 
the value of its degrees, is, to connect it with one which long 
uſe has rendered familiar to us; ſo that if the ſcale of the 
common thermometer be continued indefinitely upwards as a 
ſtandard, the diviſions of mine may be reduced to that ſcale, 
and we may thus have the whole range of the degrees of heat 
brought into one uniform ſeries, expreſſed in one language, and 
comparable in every part, from the loweſt that have hitherto 
been produced by any artificial freezing mixtures, up to the 
Higheft that can be obtained in our furnaces, or that the mate- 
rials of our furnaces and veſſels can ſupport. 


The 
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The hope of attaining this deſirable and important object 
gave riſe to the experiments which 1 have now the honour of 
communicating. How far F may have ſucceeded; or whether 
the means employed were adequate to the end propoſed; is, 
with all deference, ſabmitted to this illuſtrious Society. | 

This attempt is founded upon the conſtruction and ' applica- - | 
tion of an intermediate meaſure, . which takes in both the heats | 

that are meaſurable by the mercurial thermometer, and a ſuffi- 
cient number of thoſe that come within the province of mine | 
to connect the two together; the manner of doing which will Fil 
be apparent from the three firſt figures (tab. XIV.); wherein F 
repreſents FAHRENHEILT'S thermometer, with a continuation of: 
the ſcale ; W my. thermometer ; and M the intermediate mea- Ul 
ſure divided into any number of equal parts at pleaſure. 

For if the heat of boiling. water, or 212 degrees of FAan-- = 
RENHEIT, be communicated to M, and its meaſure upon M⸗ | 
marked, as at 4; and if the heat of boiling mercury, or 600 ! 
of F AHRENHETT, be alſo communicated to M, and marked: | 
as at &; it is plain, that the number of degrees upon M be- tt 
tween 4 and 6 will be equal to the interval between 212 and 
boo, that is, to 3887 upon FAHRENHEIT. 

In like manner, upon expoſing M to two different heats 
above ignition along with my thermometer pieces, if a certain 
degree of my ſcale be found to correſpond with the point d. 
and auother degree of mine with the Point ; then the inter- 
val between thoſe two degrees upon mine muſt be equal to the 
interval dc; and how many of FanRENHEITT's that interval is 
equivalent to will be known from the preceding compariſon. 
Thus we can find the number of FanRENHEIT's degrees con- 
tained in any given extent of mine, and the degree of FARH- 


RENHEIT'S with which a given point of mine coincides ;- 
whence : 


— 
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whence. * ſcale is eaſily reducible to the other through 
their whole range, whether we ſuppoſe F AHRENHEIT' s conti- 
nued upwards, or mine downwards. YN 
| For obtaining the. intermediate thermometer different means 
were thought of; but. the only principle which, upon attentive 
conſideration, afforded any proſpect of ſucceſs, was the expan- 
fron of | metals. This therefore was adopted, and among dif- 
ferent methods of meaſuring that expanſion, which either oe- 
curred to myſelf, or which I can find to have been practiſed by 
others, there! is no one which promiſes either ſo great accuracy, 
or convenience in uſe, as a gage like that by which the ther- 
mometer pieces are meaſured: the utility of this gage bad now 
been confirmed to me by experience, and the machines and 
| long rods, which have been employed for meaſuring expanſions 
on ,other occaſions, were abſolutely inadmiſſible here, on ac- 
count of the inſuperable difficulties, of performing nice opera- 
tions of this kind i in a red heat, and of communicating a per- 
fectly equal heat through any conſiderable extent. 
„ give a clearer idea of this ſpecies of gage, which, ſim- 
ple as it is, I am informed has been miſunderſtood by ſome of 
the readers of my former paper, a a repreſentation of one uſed 
on the preſent occaſion 1 is annexed in fig. 4. where ABCD is a 
ſmooth flat plate; and EF and GH two rulers or flat pieces, 2 
quarter of an inch thick, fixed flat upon the plate, with the 
ſides that are towards one another made perfectly true, a little 
further aſunder at one end EG than at the other end FH; thus 
they include between them a long converging canal, which 1s 
divided on one fide into a number of ſmall equal parts, and 
which may be conſidered as performing the offices both of the 
tube and ſcale of the common thermometer. It is obvious, 


that if a body, ſo adjuſted as to fit exactly at the wider end of 
this 
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this canal, be afterwards diminiſhed in its bulk by fire, as 
the thermometer pieces are, it will then paſs further in the 
canal, and more and more ſo according as the diminution is 
greater; and converſely, that if a body, ſo adjuſted as to paſs 
on to the narrow end, be afterwards expanded by fire, as is the 
caſe with metals, and applied in that expanded ſtate to the ſcale, 
it will not paſs ſo far; and that the diviſions on the fide will be 
the meaſures of the expanſions of the one, as of the contrac- 
tions of the other, reckoning in both caſes from that point to 
which the body was adjuſted at firſt. 

I is the body whoſe alteration of bulk is thus to be mea- 
fured, which, in the preſent inſtance, is a piece 6f fine filver : 
this is to be gently puſhed or flid along, towards the end FH, 
till it is ſtopped by the converging ſides of the canal. 

K is a little veſſel formed in the gage for this particular ſeries 
of experiments, the uſe of which will appear hereafter. 
The contraction, which the thermometer pieces receive from fire, 

is a permanent effect, not variable by an abatement of the heat, 
and which accordingly is meaſured commodiouſly aud at leiſure, 
when the pieces are grown cold. But the expanſion of bodies is 
only temporary, continuing no longer than the heat does that 
produced it ; and therefore its quantity, at any particular de- 
gree of heat, muſt be meaſured in the moment while that heat 
ſubſiſts. And further, if the heated piece was applied to the 
cold gage, the piece would be deprived of a part of its heat on 
the firſt contact; and as the gage receives ſome degree of expan- 
fion from heat as well as the piece, it is plain that in this caſe 
the piece would be diminiſhed in its bulk, and the gage en- 
larged, before the meaſurement could be taken. It is therefore 
neceſſary that both of them be heated to an exact equality; and 
in that ſtate we can meaſure, not indeed the true expanſion of 
Vol. LXXIV. B b b eitber, 
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either, but the exceſs of the expanſion of one above that of the 
bther, which is ſufficient for the preſent purpoſe, as we want 
only an uniform and graduated effect of fire, and it is totally 
immaterial whether that effect be the abſolute expanſion of one 
or the other body, or the difference of the two, provided only 
that its quantity be ſufficient to admit of nice meaſurement. 
Some difficulties occurred with reſpect to the choice of a 
proper matter for the gage ; the effential requiſites of which 
are, to have but little expanſibility, and to bear the neceſſary 
fires without injury. All the metals, except gold and ſilver, 
would calcine in the fire: thoſe two are indeed free from that 
objection, and accordingly it is of the moſt expanſible of them 
that the piece is made; but if the gage alſo was made of the 
ſame, the meaſure itſelf would expand juſt as much as the body 
to be meaſured, and no expanſion at all would be ſenſible ; and 
though the gage was made of one of thoſe metals, and the 
piece of the other, the difference between their expanſions 
would be too ſmall to give any fatisfa&ory reſults, as more 
than two-thirds of the real expanſion of either would be 
loſt or taken off by the other. 

For theſe reaſons I had recourſe to earthy compoſitions, 
which expand by heat much leſs than metallic bodies, and bear 
the neceſſary degrees of fire without the leaſt injury. I made 


choice of tobacco-pipe clay, mixed with charcoal in fine pow- 
der, in the proportion of three parts of the charcoal to five of 


the clay by weight. By a free acceſs of air, in the burning by 
which the gage is prepared for uſe, the charcoal is conſumed, 
and leaves the clay extremely light and porous; from which 
circumſtance it bears ſudden alternations of cold and heat, often 
requiſite in theſe operations, much better than the clay alone. 
Another and more important motive for the uſe of charcoal 
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was, that in conſequence of the remarkable poroſity which it 
produces in the clay, it would probably diminiſh the expanſi- 
bility, by occaſioning the maſs to contain, under an equal ſur- 
face, a much lefs quantity of ſolid or expanſible matter. It 
may be objected to this idea, that the expanſions of metals, 
in Mr. ELLicoTT's “ and Mr. SMEAToN's + experiments, do 


not appear to have any connection at all with their denſities : 


but the caſes are by no means parallel; for there the compari- 
{on lies between different ſpecies of matter; but here, between 


one and the ſame matter in different ſtates of compactneſs. If 
a metal could be treated as clay is in this inſtance, that is, if a 


large bulk of any foreign matter could be blended with it, and 
this matter afterwards burnt out, ſo as to leave the metallic par- 


ticles at the ſame diſtances to which they had been ſeparated by 


the mixture of it, we may preſume that the metal thus enlarged 


would not expand ſo much as an equal volume of the ſolid 
metal. Such at leaſt were the ideas which determined my. 
choice to a compoſition of clay and charcoal powder ; and be- 
ing afterwards defirous of ſatisfying myſelf whether they had 
any foundation in fact, I have, ſince the experiments were 
made, prepared ſome pieces of clay with and without charcoal, 


and having burnt them in the ſame fire, I ground them at the 
ſides, to make them both fit exactly to the ſame diviſion near 
the narrow end of the gage; then, examining their expanſions 


by equal heats, I found the piece with charcoal to expand only 


one-third part ſo much as that without ; and thus was "_ 


ſatisfied with the compoſition of the gage. | 
To aſcertain a fixed point on the ſcale for the FR to be, 


counted from, the filver piece and gage were laid together for 


* Phil. Tranſat. vol. XLVIL p. 485. 
+ Ibid, vol. XVIII. p. 612. 
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is that marked o near the narrow end of the gage. The ad- 


tlie ſides of the gage would be burſt aſunder by its expanſion, 
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ſome time in ſpring water, of the temperature of Hy of b. Ak- 
RENHEIT : the point which the piece went to in this cold ſtate 


juſtment ĩs re- examined at the beginning and end of every ſuc- 
ceeding experiment, leſt the repeated attrition, in ſliding the 
piece backwards and forwards, ſhould wear off ſo much from 
the ſurface of this ſoft metal as to occaſion an error in the mi- 
nute quantities here meaſured. | 

The apparatus is then expoſed ſueceſſively to different degrees 
of heat, with the piece lying always in a part of the canal at 
leaſt as wide as it is expected to fill when expanded, otherwiſe 


as J experienced in ſome of my firſt trials. When the whole 


has received any particular degree of heat defired, the piece is 


cautiouſly and equably puſhed along, till it is ſtopped by the 


convergency of the ſides, of which I always find notice given 


me by the gage itſelf (which is ſmall and light) beginning to 
move upon the continuance of the impulſe. A flat ſlip of iron, 


a little narrower than the piece, bent down to a right-angle at 
one end, and fixed in a long handle at the other, makes a con- 


venient inſtrument for puſhing the piece forward, or drawing it 
back again, whilft red-hot : this inſtrument, at every time of: 
uſing, is heated to the ſame degree as the piece itſelf, _ 

The heat of boiling water is taken without difficulty, by 


keeping the apparatus in boiling water itſelf during a ſufficient. 


ſpace of time for the full heat to be communicated to it. "The 
water I made uſe of was a very fine ſpring water, which on 


chemical trials appeared very nearly equal in purity to that of 


rain or ſhow; and Thad previouſly ſatisfied myſelf, by trials in 
the cold, that the gage and piece being wet, or under water, 
made no difference in the meaſurement. The expanſion of the 
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juſt 20% of Faurenaeit's. The operation was many times 
repeated, and the reſult was always preciſely the fame. ' 

For the boiling heat of mercury, it was neceſſary to proceed 
in a different manner; not to convey the heat from the mer- 
cury to the inſtrument, but to convey it equally to them both 


from another body. I made a ſmall veſſel for holding the mer- 
cury in the gage itſelf, ſeen at K fig. 4. and more diſtinctly in 
fig. 5. which is a tranſverſe ſection of the gage through this 


veflel. The plate CD, which forms the bottom of the canal, 


ſerves alſo for the bottom of the veſſel, which is ſituated cloſe 
to the {ide of the canal, and as near as could be to that part of 
it, in which both the filver piece, and the diviſions required 
for this particular experiment, are contained. By this arrange- 
ment it is preſumed, that all the parts concerned in the * | 


tion will receive very nearly an equal heat. 


The gage, with ſome mercury in the veſſel, was laid upon a 
ſmooth and level bed of ſand, on the bottom of an iron muffſe 
kept open at one end; the fire increaſed very gradually till the 


mercury boiled, and then continued ſteady, ſo as juſt to keep 
it boiling, for a conſiderable time. The boiling heat of mercury 
was thus found to be 27 of the intermediate thermometer, 


which anſwering to an interval of 550 of FarrEngEIT, 
makes one degree of this equal to juſt 20* of his; a reſult cor- 


reſponding even beyond my e, with that which 

bailing water had given. 1 
Theſe ſtandard heats of FAHRENHEIT'S 3 are ob- 
tained with little difficulty on a common fire; but it is far 
otherwiſe 


- 
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flyer by this heat, that is, by an increaſe of the heat from 50® 
to 2125, or a period containing 162* of FauxENKEIT, was 
juſt 8 of the gage or intermediate thermometer M; whence 
one of theſe degrees, according to this experiment, contains: 
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otherwiſe with the { higher ones in-which mine 660% to apply; 


poſition with reſpect to the draught of air, &c. proved inſuf- 


ficient for ſecuring the neceſſary equality of heat even through 


the ſmall ſpace concerned in theſe experiments. Nor had I 
any idea, before the diſcovery of this thermometer, of the 
extreme difficulty, not to ſay impracticability, of obtaining, 
in common fires, or in common furnaces, an uniform heat 
through' the extent even of a few inches. - Incredible as this 
may appear at firſt ſight, whoever will follow me in the opera- 
tions I have gone through, placing accurate meaſures of the 
heat in different parts of one and the ſame veſſel, will ſoon be 
convinced of its truth, and that he can no otherwiſe expect to 
communicate with certainty ari equal heat to different pieces, 
than by uſing a fire of ſuch magnitude as to exceed perhaps 


ſome hundreds of times the bulk of the matters required to be 
heated. 


attempts in ſmall. furnaces, not a little diſcouraging by the 


irregularity of their reſults, I at length had recourſe, fitting up 
for this purpoſe an iron oven, uſed for the burning-on of ena- 
mel colours upon earthen ware, about four feet long, by two 
and a half wide, and three feet high, which is heated by the 


flame of wood conducted all round it. An iron muffle, four 


inches wide, two inches and three quarters high, and ten 


and-all the precautions could take, by uſing a" cloſe muffle, 
ſurrounding it as equally as poſſible with the fuel, varying its 


To ſuch large body of fire, therefore, after many fruitleſs 


inches long, containing the gage and piece, was placed in the 
middle of this oven, and the vacancy between them filled up 
with earthen ware, to increaſe the quantity of ignited matter, 
and thereby communicate the heat more equably from the 
oven to o the muffle. In ſuch a ſituation of the muffle, in the 
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center of an oven more than five hundred times its on capa- 
city, it could not well fail of being heated pretty uniformly, at 
leaſt through the ſmall ſpace which theſe experiments re- 
quired; nor have I found any reaſou to ſuſpect that it was not ſo, 
The gage being laid flat upon the bottom of the muffle, with 
the ſilver piece in the canal as before, ſome of the clay ther- 
mometer pieces were ſet on end upon the filver piece, with 
that end of each downwards which is marked to go foremoſt in 
meaſuring it; that is, they were in contact with the filver in 
that part of their ſurface by which their meaſure 1s afterwards 
aſcertained. I was led to this precaution by an experiment I 
had made upon another occaſion, in which a number of ther- 
mometer pieces having been ſet upright upon an earthen- ware 


pieces were found diminiſhed, ſome of them more than two 
degrees, at the lower ends which reſted upon the plate, whilſt 
the upper ends were as much enlarged, not having yet paſſed the 
ſtage of extenſion which, as obſerved in the former paper, al- 
ways precedes the thermometric diminution: thus we ſee how 


The fire about the oven was {lowly increaſed for ſome hours, 
and kept as even and ſteady as poſſible, by an experienced fire- 
man, under my own inſpection. Upon opening a ſmall door, 
which had been made for introducing the apparatus, and look - 
ing in from time to time, it was obſerved, that the muffle, 
with the adjacent parts of the oven and ware, acquired a viſible 
redneſs at the ſame time; and in the progreſs of the operation, 
the eye could not diſtinguiſh the leaſt diſſimilarity in the af} pect 
of the different parts; whereas in ſmall fires, the difference not 
only between the two ends of the muffle, but in much leſs 
diſtances, is ſuch as to ſtrike the eye at once. 


When 
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plate, over a ſmall fire, till the plate became red-hot, all the 


punctually every part of the piece obeys the heat that acts upon it. 
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* When the muffls appeared of a low red heat, ſuch as was 
« Judged to come fully within the province of my thermometer, 
it was drawn forward; towards the door of the oven; and its 
own door being then nimbly opened by an affiſtant, I imme- 
diately puſhed the filver piece as far as it would go. But as the 
diviſion which it went to could not be diſtinguiſhed in that 
ignited ſtate; the muffle was lifted out, by means of an iron 
rod paſſed through two rings made for that purpoſe, with care 
to keep it ſteady, and avoid any ſhake that might endanger the 
diſplacing of the filver piece. 

When grown ſufficiently cold to be examined, I noted the 
degree of expanſion which the ſilver piece ſtood at, and the 
degree of heat ſhewn by the thermometer pieces meaſured in 
their own gage; then returned the whole into the oven as be- 
fore, and repeated the operation with a ſtronger heat, to obtain 
another point of correſpondence on the two ſcales. 

The firſt was at 2 of my thermometer, which colncidel 
with 66 of the intermediate one; and as each of theſe laſt 
has been before found to contain 20 of FAHRENHEITT's, the 
66 will contain 1320; to which add 50, the degree of his 
ſcale to which the o of the intermediate thermometer was ad- 
juſted, and the ſum, 1370, will be the degree of Fannxx. 
HEIT's correſponding to my 2}. 

Ihe ſecond point of coincidence was at 6˙1 of mine, and 

92 of the intermediate; which 92 being, according to the 
above proportion, equivalent to 1840 of FaHRE NAREIT, add 50 
as before to this number, and my 67 is found to fall upon the 
i $g9oth degree of FAHRENHEIT. 

It appears from hence, that an interval of 4 degrees upon mine 
is equivalent to an interval of 520* upon his; conſequently 1 of 


mine to 130 degrees of his; aud that the o of mine correſponds 
— 
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ſults "ſo-meirly aliks; chat I. have little appretienifion! of ah⁴¹ 


materia) errors - K. 596 2iGt-156 + 617 1 VIII. to 43630 11936911) 
From thef& data it is eaſy to reduce either ſcale to the other 
through theit-whole range; and from ſuch reduction it will 
appear, thatꝭ aa; Interval- of near 480 tertiains between thdm. 
which the intermediate thermometer ſurves as a meaſure for: 
that mine inthides an extent of about 32000 of Fan#gxnatrr's 
degrees, or about 54 times as much as that between the fee 
ing and boiling. points of- mercury, by which mercurial ones 
are naturallyclimited; that if the ſcale of mine be produced 
downwards, in the ſame manner as we have ſuppoſed FAn- 
RENHEIT's to be produced upwards, for an ideal ſtandard, the 


freezing point of water would fall nearly on 8* below o of 


mine, and the freezing point of mercury a little below 8; 
and that, therefore, of the extent of now meaſurable heat, 
there are about ths of a degree of my ſcale from the freea- 
ing of mercury to the freezing of water; 8 from the freezing 
of water to full ignition; and heed above this rol the be 
degree I have hitherto attan et.. 
As we are how enabled to compare not only the kipher * 
grees among themſelves, and the lower among themſelves, 
upon their reſpective ſcales, but likewiſe the higher and lower 
with each other iu every ſtage, it may be proper to take a ge- 
neral view of the whole range of meafurable heat, as ex preſſed 
both in FaRREXHETT's denominations and, in mine; and for 
this purpoſe I have drawn up a little table of a few « of the prin- 
cipal points that have been aſcertained, to ſhew their mutual 
relations or proportions to each other : any other points that 
have been, or hereafter may be, obſerved, by theſe or any 
other known thermometers, may be inſerted at pleaſure. 2 
Vol. LXXIV. Cee | Extremity 


A. Wereweons Mnbed: o — I% 


Sore toner bem wor terry 11110 +: Pang. Wark,” I, 
Eotecnaity.of abe bed of my thermometer 3227 240 
Greateſt heat of my ſmall air- furnace 287% 16606ñ 
Caron melt 17977 Ee 
Greateſt heat of a common ſmith's forge 47 1 
Welding heat-of 1 iron, — 1 „ 134% 9 % 
Aoaſt 


. 0 0 


—— r ire YA 51 
Eine enkdumeles -- % 0082p I — 19 24237 2 27 
Fine ſilver melts 0 t en OTUM 28 11 S717 - 28 
Swediſſi — _ * VO, 995 t 22411 458% 27 3 * 
Braſs melts e ch Ve id: 3907 1 


Heat — colours debate i 4 
Red-heat fully viſible, in — 8 = 709 
Red-heatifully viſible in the N 
Mereury holls oo © 
Water boils :. 1 110 
Vital heat LY att 10 gb * 

n : 1514740 1 | 
Proof ſpirit freez8es'; s ing! 
The point at which moo are, i112 
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To affiſt « our conceptions of this ſubje&, it may be proper to 
view it in another light, and endeavour to preſent it to tlie 
eye; for numbers, on. a high ſcale, are with difficulty eſtimated 
and compared by the mind. T have therefore: completed the 
ſcales of which a part is repreſented i in fig. 1. and 3. by conti- 
nuing the ſame equal diviſions, both upwards and downwards, 
as far as the utmoſt Hhmits of our that have hitherto been 
attained and meaſured -. 


* Mr. Wipcwoop preſented this, in the form of a very * roll, to the Society. 
| In 
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oa ſcale: of heat drawn vp in this manner, the compara- 
tive extents of the different departments of this grand : 1d 


univerſal agent are rendered conſpicuous at à fingle glar 
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the eye. We ſee at once, for inſtance, how ſmall a portion | 
of it is concerned i in animal and N life, and. 1 in the 


derable, mere to the whole, that in the higher — of 
ignition, ten times as much might be added or taken away, 
without the leaſt difference being diſcernible in any of the 
appearances from which the intenſity of fire has hitherto. been 
Judged of. From hence, at the fame time, we may be con- 
vinced of the utility and importance of a phyſical meaſure for 
theſe higher degrees of heat, and the utter inſufficiency of the 
common means of diſcriminating and eſtimating their force. I 
have too often found differences, aſtoniſhing when confidered 
as a part of this ſcale, in the heats of my own kilns and ovens, 
without being perceivable by the workmen at the time, or till 
the ware was taken out of the kiln, 


SINCE the foregoing experiments were made, I have ſeen 
à very curious Memoir by Meff. Lavorsits and Ds LA Pract, 
containing a method of meafuring heat by the quantity of ice 
which the heated body is capable of liquefying. The applica- 
tion of this important diſcovery, as an intermediate ſtandard * 
meaſure between FaHRENHEIT's thermomieter and mine, could 
not eſcape me, and Fimmediately ſet about preparing an appa- 
ratus, and making the experiments neceſſary for that pur- 

Cees een eee poſe; 
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Ele I. Wi S vidi 58 ef able © 
eth weg pes Litker cf attaining by this methöd Aa Nate de- 
gte cf de curicy than I could 255 from any other means, br 


penny u 88h ditrereht elideple. * 00 
oy in the proſecution” of thels experimelit I have, to my 
| grea 


inortification, hitherto failed of fucceſs; and 1 ſhould 
have contented | myſelf for the preſent with faying little mote 


0 me n Kat "unworthy of farther inveſtigation. 

"The authors! bvlerve, that if ice, cooled to whatever degree 
| below "the freezing pomr, be expofed to a warmer 'atmoſphere, 
it will be brought up to the freezing point through its whole 
maſs before: any et of its furfice begins to liquefy ; and that 
conſequently ice, beginning to melt on the fur face, will be 
always exactly of the ſame temperature, vt. at the freezing 


of ſuch ice, the whole of its heat will be taken up in lique- 
1 | fying the ice; ſo that if the ice be defended from external 
= warmth, by ſurrounding it with other ice in a feparate veſſel, 
jk the weight of the water produced from it will be exactly pro- 
portional to the heat which the heated body has loft ; or, in 


other words, will be a true phyſical meaſure of the heat. 


veſſel, divided, by upright concentric partitions, into. three 
compartments, oue within another. The innermoſt compart- 
by ment is a wire cage, for receiving the heated body. The ſecond, 
9 {urrounding this cage, is filled with pounded ice, to be melted 
By by the heat; and the outermoſt is filled alſo with pounded ice, to 
defend the former from the warmth of the atmoſphere. The 
firſt of theſe ice compartments terminates at bottom in a ſtem 
Ake a funnel, through which the water is conveyed off; and 
the other ice compartment terminates in a ſeparate canal, for 


3 diſcharging 


of having what 1 Had already done con ted 95 a Tries of 


"than this, if ſome este had not occurred, which appear 


| Point; ; and that if a heated body be inclofed in a hollow ſphere 


For applying theſe principles in practice, they employ a tin 
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aſcharging the Water iuto which"tha? ice is Reed.” As Toon 
as the heated body! 18 dropped into the cage, à cover is put bn, 
'which- goes over both that and the firſt ice compartment; 
'which cover is itſelf a kind of ſhallow veflel, filled with 
"pounded i ice, with holes iti the bottom for permitting the water 
from this ice to paſs into the ſecond compartment, all the 
liquefaction that appli here, as well as there, being the 
effect of the heated bod body only. Over the whole is placed ano- 
tber cover with pounded i ice, As a defence from external 
e 166n as this diſcovery came to 5 knowledge, on the 23d 
of Febtuary; a'thaw having begun three days before, after a 
froſt which had continued with very little intermiſſion fröm 
the 24th of December, I collected a > ms #; on Fn and fired 
it up in a large caſk in a cellar. 
I thought it neceffary to fatisfy ytklr in the firſt bes by 
actual experiment, that ice, how cold ſoever it may be, comes 
up to the freezing point through its whole maſs before i it be- 
gins to liquefy on the furface. For this purpoſe I cooled a Urge 
en of 1 ice, by a freezing mixture, to 175 of FanAIEN- 
BEI T's thermometer, and then hung it up in a room whoſe 
temperature was 50% When it began to drop, it was broken, 
and ſome of the internal part nimbly pounded and applied to 
the bulb of a thermometer that was cooled by a freezing mix- 
ture below 305. The thermometer roſe to, and continued at, 
32; being then taken out, and raiſed by warmth to 405, ſome 
more of the fame ice, applied as before to the bulb, ſunk it 
again to 32; ſo that no doubt could remain on this ſubject. 
Apprehenſive that pounced ice, directed by the authors, might 
imbibe and retain more or leſs of the water by capillary attraction, 
according to circumſtances, and thereby occaſion ſome error in 


the reſults, I thought it neceſſary to ſatisfy myſelf in this reſpect 
alſo 


374 . Wapewoon's Method of cqnnctiing; 
alſo by experiment; I therefore pounded ſome ice, and lf n 
in a conical heap on 2, plate; and having at band ſome water, 


' coloured with cochineal, I. poured, i it gently into the plate, at 
ſome diffance from the heap: as ſoon as it came iu cqutact With 


ene. 


the ice, it roſe haſtily. up to the, top: and on lifting, up. the 
lamp, L ound that ĩt held the > water,: ſo. taken up, as a ſponge 


—- does, and did, not drop any part of it till the heat of my hand, 
28 I ſuppoſe, began to liqueſy the maſs. On further trials | 

| found, that in. Pounded ice prefled into a conical heap, the 
| coloured water roſe, in the ſpace of three minutes, to the 
b height of, two inches and. a half; and by, weighing the water 
; employed, and what remained upon the plate unabſorbed, i 
appeared, that four ounces of ice had thus taken vpe and v 


tained. one oumce of water. * 
To further aſcertain this abſording power, in Foy ci. 


cumſtances, more analogous to thoſe of the proceſs itſelf, 
preffed 1 fx ounces. of pounded i ice pretty hard into the funneh 
| having firſt introduced a wooden core in order to leave a proper 
Cavity in;the middle: then, taking out the core, and pouring 
an ounee of, water upon the. ice, I left the whole for half at 
Hour; at the end of which time the quantity that ran off wa 
quly. ia pennyweights and 4 grains, ſo that the ice had retained 
7 penny weights. and 20 grains, which is nearly one-twelfth of 
its own weight, and two- fifths of the weight of the water. 
Thbeſe previous trials determincd me, inſtead of uſin ig pounded 
Ice, to fill a proper veſſel with a ſolid maſs of ice, by means of 
a freezing: mixture, as the froſt was now gone,, and then expoſe 
it to the atmoſphere till the ſurface began to liquefy. The ap- 
paratus 1 Atted up for this purpoſe was made of earthen ware 


; wel as and 1s rene in fig. 6, (tab. XV.). 
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bis Thermometer with the" cam mercitiol bet. = 57x. 
7 X is 4 large funnel, filled with 2 ſolid maſs of ice. BA 
city in the middle of this ice, formed, part of the way, bx 
ſetaping with a knife, and for the remaining part, hy bompg 
with a hot iron wire. C, one of my thermometer pieces;: 
which: ſerves for the heated body, and reſts upon a coil of braſs 
wire z it had previouſly been burnt with ſtrong fire, that there 
might be no: dangeriof its ſuffering any further diminutiom of 
i balk by being heated again for theſe experiments. P, 4 
cork ſtopper in the orifice: of the funnel. E, the extemor. veſſeli 
having: the ſpace between its ſides and the included funnel A, 
filled with pounded ice, as a defence to the ice in the funnel. 
F, a cover for this exterior veſſel, filled with pounded ice for the 
fame purpoſe. G, a cover for the funnel, filled alſo with 
pounded ice, with perforations in the bottom: for allowing the 
water from this ice to paſs down into the funne l. 
The thermometer piece was heated in .boiling water, taken 
up with a pair of ſmall tongs equally heated, dropped ih-, 
ſtantly into the cavity B, and the [covers put on as expeditiouſly; 
as poſfible; the bottom of the funnel being previouſly corked;; 
that the water might be detained till it ſhould part with alb 
its heat, and likewiſe to prevent the water from the other ice, 
d which ran down on the * of 3 from ne 
of with it. 155 j 
After ſtanding "IOW ten minutes, the asi was hs 
wiped dry, and uncorked over a weighed cup: the water that 
ran out weighed 22 grains. Thinking this quantity too ſmall, 
as the piece weighed 72 grains, 1 repeated the: experiment, and 
kept the piece longer 1 in the funnel; but the water: this time 
weighed only 12 grains. Being much diffatisfied with this 
reſult, I made a third trial, continuing the. piece much. longer: 


in the cavity; but the quantity of water was now {till lefs, not 
* amounting 
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amdunting to quite three drops; ahd, ta my: great ſurpriſes, ] 
found the piece frozen to the ice, fo as: ndt to be eaſily got off, 


though allithe ĩce employed wg at the beginning of the *. 
riment, in a thawing; ſtate. . 2 om ci 10 £ fl. 


I had prepared — for taking the boiling dan wn 


mercury; but being entirely diſcouraged by: theſe very unequal 
reſults, I gave that up, for the preſent :at:leaſt, and heating 
the piece to 6 of my thermometer, turned i it nimbly out of 
3 caſe in which it was heated into the cavity, throwing 
ome fragments of ice over it. In about half an hour, I drew 
= the water, which | amounted; to 11 -perinyweights ;.. then 


ſtopping the funnel again, and ne 3 left the 
whole about ſeven hours. 

At the end of that time, I Wund a confiderable 33 of 
water in the funnel: the melting of the ice had produced a 
cavity between it and the fides, great part: of the way . 
which, as well as that in the middle, was nearly full. T 
water nevertheleſs ran out ſo flowly, that I apprehended — 
thing had ſtopped the narrow end of the funnel, but the true 
cauſe became afterwards apparent upon examining the ſtate of 
the ice. The fragments which I had thrown over the thermo- 
meter piece were frozen entirely together, and in ſuch a form as 
they could not have aſſumed without freſh water ſuperadded and 
frozen upon them, for the cavities between them were partly 
filled with new ice. I endeavoured to take the ice out with 
my fingers, but in vain; and it was with ſome difficulty! 
could force it aſunder even with a pointed knife, to get at the 
thermometer piece. When that was got out, great part of 
the'coiled wire was: found enveloped in new ice. The. paſſage 
through the ice to the ſtem. of the funnel, which I had made 
pretty wide with a thick iron wire red - hot, was ſo nearly cloſed 
Ain * up⸗ 
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up, that the flow draining off of the water was now ſufficiently 
accounted for, and indeed this draining was the only apparent 
mark of any paſſage at all. On taking the ice out of the fun- 
nel, and breaking it to examine this canal, I found it. almoſt 
entirely filled up with ice projecting from the ſolid maſs in cry- 
ſtalline forms, ſimilar in appearance to the cryſtals we often 
meet with in the cavities of flints and quarzoſe ſtones. 

If, after all theſe circumſtances, any doubt could have re- 
mained of the ice in queſtion being a new production, a fact 
which I now obſerved muſt .have removed all ſuſpicion. I 
found a coating of ice, of conſiderable extent and perfectly 
tranſparent, about a tenth of an inch in thickneſs, upon the 
outſide of the funnel, and on a part of it which was not in 
contact with the ſurrounding ice, for that was melted to the 
diſtance of an inch from it. 

Some of the ice being ſcraped off from the inſide of the 
funnel, and applied to the bulb of the thermometer, the mer- 
cury ſunk from 50 to 32, and continued at that point till the 
ice was melted; after which, the water being poured off, it 
roſe in a little time to 47. 

Aſtoniſhed at theſe appearances, of the water freezing after 
it had been melted, though ſurrounded with ice in a melting 
ſtate, and in an atmoſphere about 507 where no part of the 
apparatus or materials could be ſuppoſed to be lower than the 
freezing point, I ſuſpected at firit that ſome of the falt of the 
freezing mixture might have got into the water, and that this, 
In diffolving, might perhaps abſorb, from the parts contiguous 
to it, a greater proportion of heat than the ice of pure water 
does. But the water betrayed nothing ſaline to the taſte, and 
I had applied the freezing mixture with my own hands with 
great care, to prevent any of it being mixed with the water. 
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To remove all doubts, however, upon this point, I purpoſes 
repeating the experiment with ſome pieces of the ice I had 
ſtored up in the cellar, to fee if this would congeal, after 
thawing, in the ſame manner. But going to fetch the ice, and 
examining it in the caſk in which it was kept, I was perfectly 
fatisfied with the appearances I found there ; for though much 
of it was melted, yet the fragments were frozen together, ſo 
that it was with difficulty J could break or get out any pieces 
of it with an iron ſpade ; and, when ſo broken, it had the ap- 
pearance of breccia marble or plum- pudding ſlone, for the 


fragments had been broken and rammed into. the caſk with an 
iron mall. 


A porcelain cup being laid upen ſome of this ice about half 
an hour, in a room whoſe temperature was 50?, 1t was found 
pretty firmly adhering, and when pulled off, the ice exhibited 
an exact impreſſion of the fluted part of the cup which it had 
been in contact with; ſa that the ice muſt neceſſarily have 
liquefied firſt, and afterwards congealed again. This was re- 
peated ſeveral times, with the ſame event. Fragments of the 
ice were likewiſe applied to one another, to ſponges, to pieces 
of flannel and of linen eloth, both moiſt and dry: all theſe, in 
a few ſeconds, began to cohere, and in about a minute were 
frozen ſo as. to require ſome force to ſeparate them. After 
ſtanding an hour, the coheſion was ſo firm, that on pulling 
away the fragments of ice from the woollen. and ſponge, they 
tore off with them that part of the ſurface which they were 
in contact with, though at the ſame time both the fponge and 
1 were filled with water which that very ice had pro- 
duced. 

To. make ſome eſtimate of the force of the congelation, 
which was ſtronger on the two bodies laſt mentioned than on 


5. lineny 


* 


linen, I applied a piece of ice to a piece of dry flannel which 


hour, takin g the piece of ice in my hand and hooking the flan- 
nel to a ſcale, I found a weight of five ounces to be neceflary | 
for pulling it off, and yet ſo much of the ice had liquehed as 
to increaſe the weight of the flannel above 12 pennyweights. 1 
then weighed the piece of ice, put them together again, and, 
four hours after found them frozen ſo firmly as to require 78 
ounces for their ſeparation, ' although, from 42 pennyweights 


of the ice, 15 more had melted off: the ſurface of contact was 
at this time nearly a ſquare inch. I continued them again toge- 


ther for ſeven hours; but they now bore only 62 ounces, the 
ice being diminiſhed to 14 pennyweights, and the ſurface of 
contact reduced to about fix-tenths of a ſquare inch. 

Having ſeen before that pounded ice abſorbs water in very 


conſiderable quantity, I ſuſpected that ſomething of the ſame 


kind might take place even with entire maſſes ; and experiment 
ſoon convinced me, that even apparently ſolid pieces of ice will 
imbibe water, ſlower or quicker according to its ſtage of decay. 


I have repeatedly heated ſome of my thermometer pieces, and 
laid them upon ice, in which they made cavities of conſidera- 


ble depth, but the water was always abſorbed, ſometimes as 


faſt as it was produced, leaving both the piece and the cavity 


dry. 
Thus, though I cannot faſficiently 3 how ninth I ad- 


mire the diſcovery that gave riſe to theſe experiments, I have 
nevertheleſs to lament my not being able to avail myſelf of it 


at preſent for the purpoſe I wiſhed to apply it to. 
That in my experiments the two ſeemingly oppoſite proceff. $ 
of nature, congelation and liquefaction, went on together, at 
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weighed two pennyweights and a half, and ſurrounded them 
with other ice. After lying together three quarters of an 
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cauſe, and to ſhew that they are not ſo incompatible as at firſt 
fight they appear to be. 

It occurred to me at firſt, that water highly attenuated and 
divided, as when reduced into vapour, may freeze with a leſs 
degree of cold than water in its aggregate or groſſer form ; 
hence hoar-froſt is obſerved upon graſs, trees, &c. at times 


thermometer is above the freezing point“. Boernaave, I 
find, in his elaborate theory of fire, aſſigns 33 as the freezing 


point of vapour, and even of water when divided ny by being 
imbibed in a linen cloth. 


* J am aware, that experiments and obſervations of this kind are not fully 
decifive; that the atmoſphere may, in certain circumſtances, be much warmer or 


colder than the earth and waters, which, in virtue of their denfity, are far more 
retentive of the temperature they have once received, and leſs ſuſceptible of 


tranſient impreſſions ; that even inſenſible undulations of water, from the ſlighteſt 
motion of the air, by bringing up warmer ſurfaces from below, may prove a further 
impediment to the freezing; and, therefore, that the degree of cold, which is 
ſufficient to produce hoar-froſt, may poſſibly, if continued long enough, be ſuffi- 
cient alſo to produce ice, I am not acquainted with any ſatis factory experiments 
or obſervations yet made upon the ſubject; nor do I advance the principle as a 


certain, but as a probable one, which occurred to me at the moment, which is 


countenanced by general obſervation, and conſentaneous to many known facts; 
for there are numerous inſtances of bodies, in an extreme ſtate of diviſion, 
yielding eaſily to chemical agents which, before ſuch divifion, they entirely refiſt 2 
thus ſome precipitates, in the very ſubtile ſtate in which they are at firſt extricated 
from their diſſolvents, are re-difſolved by other menſtrua, which, after their 
concretion into ſenſible moleculz, have no action upon them at all, 


7 Now, 


the fame Inſtant, in the ſame veſſel, and even in the fame 
fragment of ice, 1s a fact of which I have the fulleſt evidence 
that my ſenſes can give me; and I ſhall take the liberty of ſug- 
geſting a few hints, which may tend perhaps to elucidate their 


when there 1s no appearance of ice upon water, and when the 


Now, as the atmoſphere abounds with watery vapour, or 
water diſſolved and chemically combined, and muſt be parti- 
cularly loaded with it in the neighbourhood of melting ice; 


as the heated body introduced into the funnel muſt neceſſarily 


convert a portion of the ice or water there into vapour; and 
as ice is known to melt as ſoon as the heat begins to exceed 32% 
or nearly one degree lower than the freezing point of vapour ; 
I think we may from hence deduce, pretty ſatisfactorily, all 
the phænomena I have obſerved. For it naturally follows 
from theſe priaciples, that vapour may freags where ice is 
melting ; that the vapour may congeal even upon the ſurface 
of the melting ice itſelf; and that the heat which (agreeably 
to the ingenious theory of Dr. BLack) it emits in freezing, 
may contribute to the further liquefaction of that very ice upon 
which the new congelation 1s formed. 

I would further obſerve, that the freezing of water is at- 
tended with plentiful evaporation in a cloſe as well as an 
open veſſel, the vapour in the former condenſing into drops on 
the under fide of the cover, which either continue in the form 
of water, or aſſume that of ice or a kind of ſnow, according 
to circumſtances * ; which evaporation may perhaps be attri- 
buted to the heat that was combined with the water, at this 
moment rapidly making its eſcape, and carrying part of the 
aqueous fluid off with it. We are hence furniſhed with a freſh 
and continual ſource of vapour as well as of heat; ſo that the 
proceſſes of liquefaction and congelation may go on uninter- 
ruptedly together, and even neceſſarily accompany one another, 
although, as the freezing muſt be in an under proportion to the 
melting, the whole of the ice muſt ultimately be conſumed. 


* See Mr. BAzon's paper on this ſubject, n the Memoires of the Academy 
of Sciences at Paris for the year 1753 
| n 
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In the remarkable inſtance of the coating of ice on the out- 
fide of the throat of the funnel, there are ſome other circum. 


* 


ſtances which it may be proper to take notice of. Neither the 


cover of the outer veſſel, nor the aperture in its bottom which 
the ſtem of the funnel paſſed through, were air-tight, and the 
melting of the ſurrounding ice had left a vacancy of about an 
inch round that part of the funnel on which the cruſt had 


formed. As there was, therefore, a paflage for air through the 


veſſel, a circulation of 4t would probably take place : the cold 


and denſe air in the veſſel would deſcend into the rarer air of 


the room then about 50% and be replaced by air from above. 
The effect of this circulation and ſudden refrigeration of the 
air will be a condenſation of part of the moiſture it contains 
upon the bodies it is in contact with: the throat of the funnel, 
being one of thoſe bodies, muſt receive its ſhare ; and the de- 


gree of cold in which the ice thaws being ſuppoſed ſufficient | 


for the freezing of this moiſt vapour, the contact, condenſa- 
tion, and freezing, may happen at the ſame inſtant. 

The fame principles apply to every inſtance of congelation 
that took place in theſe experiments; and a recollection of par- 
ticulars which paſſed under my own eye convinces me, that 
the congelation was ſtrongeſt in thoſe circumſtances where va- 
pour was moſt abundant, and on thoſe bodies which, from 
their natural or mechanic ſtructure, were capacious of the 
greateſt quantity of it; ſtronger, for inſtance, on ſponge 
than on woollen, ſtronger on this than on the cloſer texture of 


linen, and far ſtronger on all theſe than on the compact ſurface 


of porcelain. | 
If, nevertheleſs, the principle have aſſumed (that water 
highly attenuated will congeal with a leſs degree of cold than 
water 1n the mals) ſhould not be admitted; another has above 
been 


ti 
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been hinted at, which experiments have decidedly eſtabliſhed, 
from which the phænomena may perhaps be equally accounted 
for, and which, even though the other alſo is received, muſt 
be ſuppoſed to concur for ſome part of the effect; I mean, that 
evaporation produces cold; both vapour and ſteam carrying off 
ſome proportion of heat from the body which produces them. 
If, therefore, evaporation be made to take place upon the ſur- 
face of ice, the contiguous ice will thereby be rendered colder ; 
and as it is already at the freezing point, the ſmalleſt increaſe 
of cold will be ſufficient for freſh congelation. It ſeems to be 
on this principle that the formation of ice is effected in the 
Eaſt Indies, by expoſing water to a ſerene air, at the coldeſt 
ſeaſon of the year, in ſhallow porous earthen veſſels: part of 
the water tranſudes through the veſſel, and evaporating from 
the outſide, the remainder in the veſſel becomes cold enough to 
freeze ; the warmth of the earth being at the ſame time 1n- 
tercepted by the veſſels being placed upon bodies little diſpoſed 
to conduct heat *. If ice is thus producible in a climate where 
natural ice is never ſeen, we need not wonder that congelation 
ſhould take place where the ſame princople operates amidſt 
actual ice. 

It has been obſerved above, that. ah heat emitted by the 
congealing vapour probably unites with and liquefies conti- 
guous portions of ice; but whether the whole, either of the 
heat ſo emitted, or of that originally introduced into the fun- 
nel, is thus taken up; how often it may unite with other por- 
tions of ice, and be driven out from other new congelations ; 
whether there exiſts any difference in its chemical affinity or 


* See a deſcription of this proceſs in the Philoſophical Tranſactions, vol. 


* elective 
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lective attraction to. water in different ſtates adds conth 
guous bodies; whether part of it may not ultimately eſcape, 
without performing the office expected from it upon the ice; 
4 and to what diſtance from the evaporating ſurface the refri- 
gerating effect of the evaporation may extend; muſt be leſt 

for further experiments to determine. 3 
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XKXVNI. On the Summation of Series, whoſe general Term it 4 
determinate Function of z the Diftance from the firſt Term of 
the Series. By Edward Waring, M. D. Lucafian Profeſſor 
of the Mathematics at Cambridge, and Fellow of the Societies 
of London and Bononia, 


Read May 20, 1784. 
Ek WW © 1+ 8 
7 HE fum 8 being given, to find a * of which it it the 


um. 


I. Reduce the ſum S into a converging ſeries, proceeding 


according to the dimenſions of any ſmall quantities, and it is 
done. For example: let any algebraical function S of an un- 


known or ſmall quantity x be aſſumed, reduce it into a con- 


verging ſeries. proceeding according to the dimenſions of x, and 
there reſults a ſeries whoſe ſum is S. 2. Let A, B, C, &c. be 


algebraical functions of x; reduce the / Ax, 7 Bx, /* Cx, &c. 


into a converging ſeries, proceeding according to the dimen- 


fions of x, and the problem is done. 
It is always neceſſary to find the values of x, between which 


the abovementioned ſerieſes converge. Reduce the algebraical 


function S in the firſt example, and the algebraical functions 


A, B, C, &c. in the ſecond into their loweſt terms; and in ſuch 
a manner, that the quantities contained in the numerator 
and denominatox may have no denominator : make the deno- 


Vor. LXXIV. Eee minator 
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Dr. Warm: on the 
minator in the firſt example, and the denominator in the ſe- 
cond, and. every diſtinct irrational quantity contained in them 
reſpeQuvely So; and alſo ever diſtinct irrational quantity con- 

tained in the numerators =0. Suppoſe æ the leaſt root affir- 

mative. or negative (but not o), of the abovementioned re- 

ſulting equations; then a ſeries. aſcending according to the di- 

menſions of x will always converge,. if the value of x 

is contained between « and — a; but if x be greater 

than a or , the abovementioned ſeries will. diverge. Let 

x be the greateſt root of the abovementioned reſulting equa- 

tions ; then a ſeries deſcending according to the reciprocal di-- 

| menſions of x will:converge,, if æ be greater than ; but, if 


leſs, not. When impoſſible roots a= E are contained! in. 
the equations, an aſcending ſeries. will converge, if & be Ieſs 
than the leaſt root == a, and: = (a6), and = = +8); or 
more generally, if æ be. leſs. than the leaſt root = a, and x 
at an * diſ tance ** a ipfinitely leſs than, 5 


2 
p 
t 
f 
£ 
1 


a deſcending ſeries will always converge, when x. is. greater 
than the greateſt root of the refulting- equations; and *, 
when u 15 infinite, is infinitely greater than (a ) and .(@—b); 


2—1 2 —2 
+27 23 . 
2 3 
. 5 4 45 — &c. 
4 


This follows from Caput 3. of ths Meditationes Algebraicz- 


| Cor. It appears from hence, that, if the aſcending ſeries 
converges, the deſcending will diverge; and, vice verſd, if the 
3 deſcending converges, the aſcending will diverge, unleſs all the 


roots of the above-mentioned reſulting equations may be deemed 
of 
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of equal magnitude, As ＋a and Oy ws = 1, &c. and X 
in which caſe ſometimes both ſerieſes may become the ſame 
converging ſeries, &c. | 
When x, in the preceding l 4 is equal to the leaſt or 
greateſt root, the ſeries will ſometimes converge, and ſome- 
times not, as is ſhewn in the above-mentioned chapter. Whe- 
ther the ſum of a ſeries, whoſe general term is-given, can be 
found or not, will in many caſes appear. from the law of the 


multinomial and other more general ſerieſes. 
2. There are ſerieſes which always converge, whatever may 


be the value of x; as, for example, the ſeries 1 + ——# +, 


2 = * * + &Cc.0r1 4 2 15 77 ＋ &c. &c. always converge, 
whatever may be che value of x; but it may be obſerved, that 
theſe ſerieſes never ariſe from the expanſion of algebraical 
functions of x, or the before-mentioned fluents; but, in a few 
caſes, they may from fluxional equations, There are alſo 
ſerieſes which never converge as 1 T 1. 241 1. 2. 3K 
41.2.3 4 4 &c. to which the preceding remark may be 
applied. _ 
3. In the year 1757 fade m papers, which contained the firſt 
edition of my Meditationes Algebraicz, were ſent to the Royal 
Society, in which was contained the following rule, vix. let 8 
be a given function of the quantity x, which expand into a 
ſeries (a+ bx" + cx** + &c.) proceeding according to the dimen- 
ſions of x; in the quantity 8, for * write ax", G, yx", &c. 
where a, G, y, &c. are roots of the equation x*—1=0; and 
let the reſulting quantities be A, B, C, D, &c. then will 
—— 


be equal to the ſum of the firſt, 2 ＋ 1, 37 ＋ 1, 


&e. 4 in infuitum. This method, in the preface to the 
Eee 2 laſt 


38 8 Dr. Warts on the 
laſt edition of the Meditationes e ee is rendered more 
correct and general. 5 

4. Let the ſum of a ſeries required bo pulls by: a 4 
tion of a quantity s, the diſtance from the firſt term of the 
feries, then will the general term be the difference between the 
two fucceſſive ſums generally expreſſed. | 

5. Let the 1 term be an e bundlen of *r 


32 &c. 
rſt, let it be — 4 + en + bc 


Xe —— . 2+e+2 « oo ern Love = T, where m- 
and z are whole numbers; and m (if the — of an infinite 


ſeries of terms is e leſs than by two. or more: 


then the general term az" + bx" + &e. GL 


2 Te. Te. STe 2 . So 6+ nl 
: On | . D. A 


N ⁊ . eri Te * Te TI. T2 4 


" 
© 7 0 
5 - * * a 
4 * * * . . +4. 
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— i * -— wits. CHOICE = 


i Tea reg eee 


whence if | 
S442 q 2 ＋ 3 R z+e+4 251 4 F545 1— 122 A.; : 


=+e+3 © z+2+4 . Z+e+5 ® + * . Z+e+1— 122 AB &. 


2+e+4.2+e+5. . . Te T- 122 r "SP 2 + &c. and ſo 


on; then, if man- 2, will y=a, $=b—9gA, Sc -A = yB.. 
82 d - B! — C, &c.; whence the integral in inſinitum, 


or ſum of the i ſeries, will be - — "a 6 22 — = = 
JZ « X Te. r N &c. 

The reduction of the general term T into quantities of tlie 
before given formulæ was publiſhed in the Meditationes, printed 
in the year 1774. It was before reduced into formulæ of the 
ſame kind nearly by Mr. NIchox in the Paris Acts. 

2d, Let the general term be TJ“ = 


NENT FE ow JO *+ &c, 
2 . TT TT er. 2 rte 


where 


2 
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- where h is a whole number leſs than z+m +14 &c. (if it be 
| greater, then the fraction can eaſily be reduced into a rational 
05 quantity aa. = e. * Kc. and a. 1 of _ before-men- 
le / 
| tioned: kind); "then will T' = Pr 7 —5 
e SR " > &” 
(7 err . waren. Ti Kc.) + 

I „ * \ * 

K ee 7. z+f+1.2+f+2 2 Tg. z+g+ EFe+2 


. : . 
z ＋ g F 7 1 N 


2; 


E's +&C.) 3 whence its integral in in- 


when a=0, 0 go, l, S o, &c..; - and conſequently h; not 


greater than n +m +/+ &c. —2, then will TY Ta“ +&c.=0, 
for elſe the ſum would be infinite. 
Let the number of quantities (e, /, g, &c.) be *; "has from 


from (7 — 1) independent ſums of infinite ſerieſes, whoſe term 
is T'; that is, where h is not greater than n+ m+/+ &c. — 25 
can be deduced the ſum of all infinite ſerieſes- of the before- 
mentioned formulæ, whoſe general term is. T“. 
If any factors are deficient in the denominator, as ſuppoſe the 
term to be Z +ex2+e+3x2+e+#3z—1; multiply the nu- 
merator and denominator by the deficient factors, vs. by 
2+ e+ 1. 2+e+2x3+e+4 .3+0+5 ..2+e+1—2, and it 
acquires. the preceding formula; and ſo in the following 


1 


examples. 
T 


za, Let the denominator be * + e X 4 pr + 


X E * 
Terz to Tre * * e Xx +e+w+1 Xx: 


X * 
+&.): (ant 1 e z+f+1 * © 2 ,, 1 1 


finttum, that 15, the ſum of the infinite ſeries can be found | 


greater than n+m+l+ &c. — 23 otherwiſe not, If þ is not 


independent integrals of a ſeries, whoſe term is T“; or 


* 2322 
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; 
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SEES 1 2 | 
x+2+4þ +2 * &. 2 PETE r _—_— * 
x+/+m-1 x &c. =D, where , , e, &c.; þ, &c. are 


od 4 bf" beef + be. 
D 


T“; then, if the dimenſions of s in the numerator be 
leſs than its dimenſions in the 8 N 2 "= 
(ot of! 1 1 = | 
GG RED" r y 


7 22 
£7464 +l . 
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and in _—_ there will be included all terms ; of th formule, 


. A(z+:+77 —zFe ) | " 
r . (2 Ter) 7 — PITTS 


B (ETL r- E. 5 
P (tf+1)7 ce (a+f+1)7 ? 


© \((w+2+u+7%)7 et nn Kc. 
S "» dear —— 0 bots ty 
where A, B, C, &c. a, , &c. B, G, &c. , 0, &c. denote in- 
variable quantities; and p, P, , &c. are whole numbers not 
greater than x, g, *, &c. reſpectively; and i, , “, &c. are 
whole numbers not greater than . -I, M—1, &c. 
If all the quantities «, «', &, &c. B, , G“, &c. &c. are 
o, the ſum of the ſeries can be exprefled in finite terms of 
the quantity 2, otherwiſe not; and alſo if h be leſs than the 
dimenſions of ⁊ in the denominator by two or more, then will 
« + + &c. =o, otherwiſe the ſum would be infinite. 
From 7+ Kc. 1 independent ſums of infinite ſe- 


rieſes of this kind can be deduced the ſums of all infinite 
teriefes of the ſame kind. 


2 This 


Dr. Wannic on the 


% 
hh 4 ; ” W * o 


whole numbers; and the general term 15 — 


&+ — 


- 
- 


a Maa 


18 
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- This method may be extended to infinite ſeries, in which 


exponentials as e: are contained, which will eaſily be ſeen from 


ſome ſubſequent propoſitions; but in my opinion the ſubſequent 
method of finding the ſum of ſerieſes is to be preferred to the 
preceding one, both for its generality and facility. 

Go 1. Let the general term be (az? + bz*— +c25—* + &c 0 x | 
(T )*. (Ter) . (ZTe 2) D.. . (z Te T1) ; 
where: + is a whole number leſs than 2 by two or more, when 
the ſum of an infinite ſeries is required. 

Aſſume for the ſym the quantity (z+e)=* . 2 rer). 

S Terz . . (a Hen) x (a E pat +&c.); 

find the diſſerenicę between this ſum and its ſucceſſive one 
Gren * Cern. (z+e+3)” —— (Tea 17 
** (aT +F 4+ +3 . &c.), which will be- (zarte 
Te). (2 + r 2 6 1) „ (z Ten 
rr 3 II ＋&c.) — X Tei I * (az +2 ＋ &c. )- 
SH —=n+ 1% + &c.); then make the terms of this dif- 
ference equal to the correſpondent terms of the giyen quantity 


42 + = nnn bt =b,—b —n+1xa=a,. and: 


conſequently a = 


"*. Lat uh general term be (z Te). (TeTI) T 
(Terz . . . (Te Tun -I) X (ZT). (z TFT) 
(TTT . (2+ f+m—1)" x (a e e ＋&c.) . 
Aſſume the quantity (2 Te. (STe TI) T. . . Te T- 27 
GA GAT. E. En-) — 
x (a +82 +42% +&c.) for the ſum of the ſeries ſought ; 
and thence deduce the general term, which ſuppoſe equal to the 
given general term, and from equating their correſponding parts 


_ eaſily can be deduced the index and coefficients a, N, y, &Cc.. 


and conſequently the ſum of the ſeries ſought. _ 
— Ag 
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©" Let the general term reduced to its loweſt Uimenſions be 


2 Te Te PSY STe 1 harm xr2+f+r © x 
72 ＋ ar 4 b M7 ry * T * Tg i ws - 
2+2+1=1 « &c. x (az gb fra +&c.). If it be re- 


quired to reduce the term 72 , &c. to a conformity with 


8 e -- a 

the reſt, for 7& T, &c. ſubſtitute z+ 2 t, &c. and it 

is done. Aſſume for the integral or for the Wege 
. Te T2 * Ko 


—— — 9 


re+m—2r+f *g „1 5 . . +g+1- 1 
&c. * ( ＋ . &c. ) = 8, find its ſucceſſive ſum by writing 
2 T1 for z in the ſum 8, and let the quantity reſulting be 
8“; then will the general term be 8 8, which equate to the 
given general term, that is, their correſpondent quantities; 

and thence may be deduced the index and co- efficients a, G, 
&c.; and conſequently the ſum ſought. If the ſeries does not 
terminate, then the ſum will be expreſſed by a ſeries proceeding 
in inſinitum, according to the reciprocal dimenſions of ⁊. 

From ee &c. - 1 independent integrals of the 
above-mentioned kind can be. deduced the integrals of all quan- 
tities of the ſame kind; that is, where 5 is any whole affirma- 
tive number whatever, and the co- efficients a, b, c, &c. are 
any how varied. 

If any factor 2+g in the denominator, &c. has no other 
2+g+/—1, which differs from it by a whole number /— x ; or 
the factor 7z +f has no correſpondent factor rz +f+ mr, where 

m is a whole number; then the integral of the above-mentioned 
ſeries cannot be expreſſed in finite terms of the quantity z. In 
like manner, if the dimenſions of 2 in the numerator are leſs 

than 


» 2 
» = 
E 


—— of Wi L | 393 


than its dimenfions in the denominator by unity, then the in- 


tegral of the general term eannot be expreſſed by a finite alge- 
braical function of x. If the number of terms to be added be 
infinite, it is well known that the — in i this aal III be 
infinite. 18-14 

It may be obſerved, that in d finding the ſhes! of a ſeries, 
whoſe general term is given, all common diviſors of the nume- 
rator and denominator muſt be rejected, otherwiſe ſerieſes may 
appear difficult to be W which are very eaſy t for exam- 
ple, let the ſeries be -— - op = ———t—— yt. iT: 5 750 * IT 
eee re * 


— and by afſuming, as 


15 ——— 8 


36 ＋ 1 N * 
s before taught, N * 32 T2 * for the ſum en 


—— —1 — — —1 


and 2 its general term 33＋T 3274 0 72 * 


general term 


J=+5 » 18 FI *, which equating to the general term 


given, there reſults 18 1, and the ſum —_ = * 


5 
J=+ 1; STE 5 
Ex. 2, Let the ſeries be 


55 140 ln 
ed &c. = 4 \ 6 ” * 


 & LEE 2 I 5 F 
1 Js 
Wis . 4 * ; 
—= Ip 7 c.. of which the general term is 2 1 


2 73 
==> and 3 the furn deduced is "3x3 


=. 5 
- 4z +1 


Theſe are ſerieſes given by Mr. Dx Morvaz, and eſteemed 
by Dr. TavLox altioris indaginis. | ; 


* Vor.. LXXIV. F ff f Sims 


EE D Waning angle 
Some other writers have made ſame fericles do appear more 
R ee 0 eee e e Wen 
terms. 41 70 IAH ot . io nion 

4. rde given the principles of a general method of 494 
ing the ſum of a ſeries, when its general term can be expreſſed 
by algebraical, and not exponential, functions of a, the diſ- 
tance from the firſt term of the ſeries; it ein to perſona 

the ſame when exponential art inchudedt. 

g. Let S the ſum be any algebraieal function SY 
plied into e“; then will the general term be 8 8 
(8 — dh * 7 whence, from the general term e bein 1g given, 


nator, 2 ) as 1 no ex ponential was 2 which 


multiplied into e, fuppoſe to be the. Tam ; from the ſum find 


its, general. term, and equate it to the' f given one by — 
their correſpondent coefficients, and i it 15 done. 5 


2 


Es. Let the general t term be = . —— . : afſume 8 


_— 42 


| 2 Ee. AG K ＋1 — 26{1—e)z+ 3a—ae +1 » 
. — Ms 22+1 . 2273 ef "odd equate. it to the 
given term, and there reſults 23 (1—e)=1 and 35 4 =2, 
and conſequently e and «= 4, if the ſeries can be ſummed. 


The fame ++ RY b. that if any factor in the deno- 
minator or irrational quantity have no other correſpondent to 
it ; for example, if the factor be 2+; g, and there is no cor- 
reſpondent one x +g +2, where n is a whole number, then its 


integral cannot + be expreſſed by a finite algebraical function 
of x. 


are exponentials of ſuperior orders; for the exponential, irra- 
6 5 | tional, 


S eben net _ whence = general term oY 


-. ens 2 Dd £ VB AR ©2203 wW 


In the fame manner.may the ſums be found, when tba terms 


nme, * — 


tonal, & \ quantities-in þ Anators of the ſums thay be 
eaſily va from the prece = principles 3 and rhence; by 


| proceeding * 45 is befork taught, The fun ane ( } D 
The e of all thoſe” caſes' have deen giver” ih the 


Meditariones. 2113 * ] 1 52 10 101 90 n 1 , 


8. Mr. Jam . der gf found Wihelnbte Feridſes by 
F a ka yl whoſe terms at ah inlfitite diſtancb are 


infinitely- little,- and ſubtracting the ſeries dim iniſhell. by any 


nutpber [OS fer ms from the ſeries elf, &e. „ 3 
It is obſerved i in the Meditationes, that if T (n), T (1 +n), 


T (m+n+1) rr. Ste. he thesterms at m, 
mn, m 2 nA &c. diſtances from the firſt, 
and aT (nm 57 (4 1) . 2 + nk AFC 1 ap 
)+&* 62 tlic gener it ill be TOS 


2+b+c+#4&c. =; the ſug: of the ſerigs will be a MIX 
(m+r)ET IRE LE! i, +T (m+n+1u-+-1 OW 
+3(T (w4+m+T e (94 13+2)+ +. +T 
(A= I Te. _ 1+ CCT AT) TOP ˖) 
e 4&1) +6. + H. H jthe Tom 
ah fe &, be not o and the ban (cbt 1 
CN) 4 8&c.. in inſinitum be n converging one= Sy, then 
will. the. fum, of the reſulting denies. be Cb bed Lx) 
S = GTL c F TJ (A Nc) 
(FT. N 0 — 2 Per NY, 2 
=&. 


81 2. Let the ſeries V _— of rerms, lich Rave willy one 
factor in the nnn and its numerator r; that is, let 


the general term be 2 and. the ſeries nenn 


* „ 


w : - * *. 


*. at TC 
— 


. * fore 


Tre '2r Fe 


13 PTE 
— tt. 
or ſubtraction there follows —— — pr 3 


F f f 2 a2 + 


. 


WT ids ; 
" . 


2344 


k number (N) of factors in the denominatar diminiſhed by unity, 


&c i an 


&# nt 3.4 we Y 


Fo , 2. & fand e being given, cably can be acquired by 


| - fimple — or known A the require co-elficieas 


then che ſy m. of b 


ve bag. 16-the terms of the ſeries ſumed : Ras xvid * ny . 
e r+e 2rÞ+e- "Fe 


| +, &e. be _akernately "affirmative | and negative; ; then 
by 0 eee caſe gad; W 1 ELON orb 8. 


. . r ra Wet e. 
Thus: 21; "oy 101 # 


F ng - e 7 be. Where the. terms of the reſult- 


ing ſeries are alternately. affirmative and negatives let the 


£ two fablequent tens be ſuppoſe'— e — 
| | 6 A JE + bk * ay 1. rau rr. 22 ire g 
14 * 2 22 + | Ki.) 1d e r XC 
| | '1 a, gt ' v 5 , 13 +237 +.» 12 +17 +6," 


per + &e. of which the one is affirmative and the 


rz+ 27 F 


tber Negative: reduce the refulting ſeries to an affirmative one 
by fubtrackinig che ſubſequeiit term from its preceding; and it be. 
4 e e- Er EEE HET" #hee) 
"ES * * N. 2 —— n 

3 Kos — 4 1 — * 


caſe, * two terms are Mi, into one, 8 from he 


LS JI 4 @» 


firſt · tern of the ſeries will be r, which ſuppoſe = W3 ; and write 
2 for 2 in the above- mentioned term, and: there reſults 


— — 


merz Te. Land 7 — ww „Sc. = 
ra * T pede 200 +4 «* r re. To e 
IT | * = \ = \ 2 $ x r: 


\ 


| | . Summation of Ferieti 
5 Tc the ſum of 1 . whoſe 


84K — _  —— — — ¶ ů —uI—U— — —_ CY a 


rere 
Sc. i M is 


DU . fi hope e 


whole number lefs than # by two or more, and de the avis 
a ths _ = of the ſeries carr by found froth the fum of 


e ec. 2 


e 1, be es = - | 1 | * a: -} - þ ; bes A 
j 7 e Rufes. es. hoſe general terms, are re- 
= 


ſpeRtively + e and + e; then from the ſam of theſe ta 


ſcrieſes can. be colleQed the ſum of any = whoſe eren 
term ĩs 


7 13 Y f F 4 14 1 3»? 6's £ * &a +4 8 5 2 2 1 0 
N — N 0 


ts L. 20. i, BY? "+ gun? ee. e 4111 
rt eee e e 
r c 5 A a TOY PE, " "OM 
© be yt wee TATE IIA om —_ ite f rake] r 

N 80 
1 5 e 7 — where e —f is not a whole num- 
ber. Let a = e.. Ago, and 4 ＋ N Tc. h So, then 

ee MTELR, ©” O35 ea 
the lum vin be a ( b-—oÞ7— => Farr Ter 
1 | KS 
126+ 27- "716.7 * e . 
1 | 5 
——— L 2 — —— 
eee ( 55 
( — Sh . +. tf ; #2 2pP i 8 fl; O01 113 
. : 3 
* Eni 0:31 1:: P 7 SR as 1 
2. If the ferieſes are , Lyra 


= &c. ; then from the ſum of theſe two ſerieſes can be collected 
by the principles given above the ſum of any ſeries, whoſe 


general term is 
2. 2222 


* 


"AR c 
. eee, ,. 2r2=þarkf. .. Kir 


5 — lame prineiple may be applied « to fin the fa bef any 


. other factors, 5 . 7248 $15 &6-&6-3-0r ag 
2r2+g+r, 2r2+g+2r, &c. Like propoſitions may be Exe 
duced from ſerieſes, i in which y and V, &c. and the * 
re and rz+ g. &. denote different quantities.  , 2 
10. An apparently more general method may be = from 
_ affuminga ſeliess oft ſetieſes as before ; and adding every two, 


three, four, & Ke c. (n) ſucceflive terms together for r terms. of a 


cr 


1 4 ſeries al from the firſt, ſecond, third, Kg. 5 
teten; and iu general adding fogether Bi, three, &c? u fuc- 
ceſſive general terms; and in their ſum writing for ⁊ the ckſtance 


from the firſt term of the ſeries 23 4 a, 32 K 4, &c. na ; 


a2 n= — 


there wil reſult the general term of a ſeties - not to be found 
from the above-mentioned addition. — + — — 


- * * 


Ex. Let the ſeries aſſumed be 21 1424 1 + * in ia. 
* of which the general tern beginning from the firſt: is 


add three - ſucceſſive genera torms 2K 32-4. ot 


& 5 F 14 
— | Mor ili PO Se * 75 
23 | 
TI ZT. 2 T3 in this term ſor = N zx, and 1 ** 


ä 272 ＋ . 
reſults Ez 


«@ © 


beginning 38 Anſt 


the given ſeries, the terms 7 will be 


32" + 242+-47 _ 
and g. z +4 - 2+5. 


3a +2 « N y "ſh the. fame. f manner, if the 


2 2+ 1824.26 
5 2 T2. 2 774 


In theſe terms for 2 2 write 3%, and, there 


272 + 542+ 26 = 12 +12z+47 ; 
w * n ang s e s 


w 4 «S 9 = ? 1 b _—— w 


If 


inſtituted from the ſeeond er thitd term of 


terms will be all 'affirmative, The ſum of this ſeries will be 
finite or infinite, as the ſum of the ſeries 1 + +: + } + &c. is 


1 the t terms of 1 fories are e affirmative and 
negative, the terms ef the reſulting ſeries will be alternately 
affirmative and negative, if n be an odd number; otherwiſe its 


finite or infinite; but from it, by the preceding method of addi- 
tion or ſubtraction of Mr. BrRNOULLI's, or a like method applied 
to more ſerieſes, may be found the ſums of different finite ſerieſes. 

It may be obſerved that from Me. BxxNO Eis addition or 
ſubtraction can never be deduced the ſerieſes which ariſe from 
this method; for, by his method, the denominator tam. never 
have any factors! but what are contained i in the denaminators of 
the! given ſeries, 7 Dix. (in the feries 17 177 — Ko.), + VA where: 
[is a whole number ; but by this method are introduced into, 
the denominator the factors 2% + /, 10 Sc. and 12 1. U, or 


which may be reduced to the fame ( + =) x . 114 


I -» ſucceſſiye general terms of the abe Wy from Mr. 
BRNoVLLY s addition. or ſubtraction be added together, and i in. 
the quantity thence ariſing for A the diſtance from the firſt- 
term of the ſeries be ſubſtituted: ms, there will be produced: 
ſerieſes of the above · mentioned formula. 

11. Multiply two converging ſerieſes 24 br K 1 4 + Kc. 
28 and - Sr + &. V, or find any rational and inte- 


ral function of them, and the ſeries reſulting will be finite. 


and S* V, &c. Let 4 ＋ EN yx* + &c..a" = V be finite, and 
the reſulting ſeries will be finite and S * V, &c. If 8 be a. 

ſeries converging or not, whoſe ultimate terms. are leſs than, 
any finite quantity, then will the ſeries (bx Ae &c. ) & 
6 N yx* + Kc. * = VS be a converging one, if a + r 

ya" + I &. x* 03 which caſe Was given by Mr. DR MorvseE.. 

| | Mr.. 


400 Dy: Ware ene 
+. Mr. BNL is addition, Ke. ean be applied — 


this kind. For exaraple, let the given ſeries be 2 + er a 


Ha, + ce. * From this ſeries fubrradt the * ſeries dh 


miniſhed No in terms, is. N= + ants 


. 
l N uit 
* . 1 8 remains Ter n 
+ 9% UH 30 T6597 TO ZE £08 0D + 1641 IT. + 
— 2x ce, o+ 1 AT 
a2. r 1 . erm+3 
then will the ſeries become — 


; "3 mbe 
„ 2 * * 
A e+2 - Co hs f 


1 e 4 *. — 1 


ra I 
Let the general term be 


* * ＋&r.; for x® write A, 


— 
* 1. e+m+1 


* ＋ 


nn 


rere 1 Terz 2 Te 1 


2 
= (Se 29ee TID = reti) K Suppoſe G Gr, 
Y=SYR z ve, . .XS X then will the ſum of the 


above-mentioned ſeries be (a+8' +a +4 + &c.) x S-= 
(+3 +7+&) =——(/+7+&c) ---(F+ &c:) — &c. 


From the ſum of the feries = = + &. by theſe 


and the principles before delivered can be deduced the 


_ tum of any ſeries, whoſe general term is 


a2" +b2” c. 
22 T 22 Pe 1 „22 T2. 22% 2Þ 3X Nc. 
$ x 


in like manner from the ſum of the ſerieſes © —— 
e+1 r 


* +2 the &c. can be 
deduced 


+ c. Ft _ Fix 


2 


771 


Summation of "Series. 40g 
bebe the ſum of any ſeries, whoſe general term Is 


+ 


eee, . "Ke: rr 


* 
12 


e£+2 
1 * * 
7 "+ Fn - TIE] &c. &c. can be de 
the ſum of any ſeries, whoſe general term is 
+ +l "1b" +a. 65S of - OD. — a 


22+ AT TT . &c. x 22 T 1e. 2z+g . 2z +g + 1. &c. 

The method of adding more terms of a given ſeries toge- 
ther, as before taught, may be applied to theſe and all other 
ſerieſes. For example: let the given ſeries be 1+4x+4x* 
+ $x* +&c. ; add two terms conſtantly together, and it becomes 


x +3 xt LES — 2+A . 
T+Ex &c. = 2+ + * xc. — + 
6+5A : ebene 28 
5 5.5 


2z+2 . | 1 
— 


23 F rom the methods before given of addition, ſub- 


traction, and multiplication; and the ſerieſes found by this 2 | 
my can be derived ſerieſes, whoſe ſums are known. 1 

12. Suppoſe à given ſeries. ar- + ba-. + cx E dE &c. 14 
whoſe ſum p 1s either an algebraical, exponential, or fluential vi 
fluxion of x; multiply the equation p= ax" T b fc 
desk. +&c. into x · and there reſults ax = axt n 
ca &c.q find the fluxion of this equation, and there Fit 


follows = ; multiplied | into the fluxion of the quantity () | 
= thats +(=r =5) Sake + (=r= 25) c i + &c. 
| 


41 II 55 general term. is 


of which the general term is (=r= 25) x , where 2 denotes 
the diſtance from the firſt term of the ſeries, and r | 
Vol. LXXIV. AS is wil 


| 
| 


in which z denotes the diſtance from the firſt erm of the ſeries, 


you Dr. Wale n e 


% the term it the given ſerles, whoſe qſtänee from the Fiſt 
1s K. In the ſame manner map be deduced the ſum of a ſeries 
whoſe general term is * 2 * = l, a by. re- 
peated operations 2 = V +: 8 where , is a term of the 
given equation, whoſe diſtance from the fiſt term is 2. And 


in general, from the ſam of a given ſeries. whoſe fluxion-can 
be found, and whoſe general t term is , can be deduced by con- 
tinued multiplication, and finding the fluxion, the ſum of a 


ſeries or quantity, of which the general term is A“, where A 
is any function of the following kind 3 +07 c&c. 


and m a whole number. leis to be obſerved, that if the given 


ſories converges in 4 ratio, which i 18 at leaſt equal to the ratio 


of the convergency of ſome geometrical ſeries, the reſulting 


| equation will always converge. But-if in a leſs ratio, then 


it will ſometinges. converge, ſometimes Not according. the 
ratio which the ſucceſſive terms of the een ſeries have 
o each other at an infinite diſtance. | 


14 P > Þ + 1 - L . KA 0 
Collory. Tr TA +5 So 


a 4 . Is I "11 
—. e « þ+2—2 . PTZ—3 a 
;  1+T F 


. number; but . this. latter quantity has the formulz 
above-mentioned az" + * T3 &c.; and ronſequently,. 
if the ſum of the ſeries a ¶. Ac I dv + &c. =þ'beknown,. 
by this method can be deduced the ſum of . {cries 


2 cr Nl „ 
4 0% +* 3 Sn 1 n 
Ex. 1 Since g Tat (1 + — * += = ar- +2 _— 1 


2 8 
Dae T Kc. ); multiply the faceolfive terms of this ſeries 


inte 


FL 


the terms at h diſtances from each other, the ſum of the ſeries 


terms of this ſeries into the ann r 
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"Us trms e the ſeries 7s 2 hoe: Ke. 0 2 fries is 


87 


247 


2 A, "4224 * 4 2 1 
| 7 1 „ 2a 


4 
”© 


whos funk is Endwn; ig e fur of the ſeries = 4 Fx _ is 
known. | | l 


Ex. 2. If the ſeries * from the 1 4 5 term of che above- ; 


mentioned binomial theorem a — — += C „ "x ne VIZ. the 


k 772. 2 + 3% © x . 
of l let eh reſpectire terms be multiplied into 1, 


E EAN. „&c. there will reſult a ſeries whoſe ſum is known. 


Fy r +1? 


Ex. 1 From the rule firſt given. by me for finding the — of 


m — e 
12. 2 I+3 n 


— m—T+ 22 25 n „ee P denows. the l 


— 


I+hb+ 3n  t+2hb+1n a 
cient of the preceding term, can be deduced ; and conſequently 
the ſum of the ſeries deduced from multiplying the ſucceſſive 

7 P 


1+ 


| &c. e- 


ſpectively. 
The general principles of this caſe were firſt delivered by 


Mr. BERNOVULLI, Mr. DR Mol vk, Mr. EULER, &c. 
12. Aſſume the ſeries a + bx* c + &c. p, multiply i it into 


x75, and find the fluent, then will - = - Fi wp = - a x* + 
G - * RT. 1 


1 
| 
1 


— ñÄ— — — — — — 


4 | EY : 
, : 
I 6 . 
„ v 0 4 , 1 
6 © 40 4 | A 5 l A 
„ b 
5 | = 
* 


eb et e.; multiply, this equations in 


C3 | 
* +2 
{ ® * 


D. Wantno' e the 


*, and find the fluent of the equation reſulting, which 


50 217: 1 
r err * 5＋ A f 
. . 4 — 1 "a 28 A 
7 2 5 . —— ops 6 444. 4 0 + &e.; | 
divide by *, and there reſults - 5 ee 


8 — 
„ re 


Kr. n > - 7p 


| whence the law of continuation 18 — of d 
Hence, if no two quantities *, 8. 70d, &c. be equal to each 
Aber; and the ſucceſſive terms a, 6, c, d, &c. of of any ſeries 
a + bx" + cx*" + &c. = þ be divided by c G. J. J. &c. ; a TA. OA. 
oy +1 . . &C. 3 * ＋ 21. ＋ 21. J 21. J 2. &c. &c.; 
and in general by «+nz. GTA. A2 . J. Kc. &c.; 
then can the ſum of the ſeries be found from the fluents of the 
fluxions x*p, ep, u x*þ, &c. as has been obſerved in the 
Meditationes. If two are equal, vis. «=, then alſo the 
fluent: of the fluxion = ſ'rþ is required. If three are equal 
VIZ. & = (3 =y ; then it is neceſſary to find the fluent of the fluxion 


r: and ſo on. 0 
„* 


1. Let p 


Wr ; and if the differences of the quantities a. 
1=x 


8, y, 5, &c. are. diviſible by u, from the fluent of the | 
fluxion 


ne 
n 


from the fluent of the fluxion * can be deduced the fivent of 


> 


| 40 


. 


Arion x can be deduecd tlie fluents of all the other fluxions 


a, #þ,:&e.; and in general, if a is diviſible by u, then 


£ 


the fluxion xp. 


panded n to the dimenſions of æ, vix. Wan - 


* * 4 "bas 4 Wel from the feſt or. any other 


wo, then, if a, G, &c. divided by n give whole affirmative 
numbers, will all the fluxions x*p, x*p, v, &c. be integrable 3 


and if the differences of the quantities a, , y, 3, &c. are divi- 
ſible by =, from the fluent of the fluxion æ g can be. deduced 
the fluents of the fluxions x, vp, &c. 


If. denotes the ſum of the alternate or terms whoſe diſtance 
from each other are m, of the binomial theorem, the ſame 


may be applied. 


3: If PTT; and 4, Þ, 7, d, &c. divided by x 


give whole affirmative numbers, then from f x*p can be de- 
duced all the remainder 7 vp, 7 vp, &c.: and in general from 
two can be deduced all the remainder. 
To find when the ſum of any ſeries of this kind can be. 
found, add together each of the fluents, which can be found 
from each other, and not otherwiſe, and ſuppoſe their ſum So; 
and ſo of any other ſimilar fluent, and from the reſulting, 
equations can be diſcovered when the ſeries can be integrated. 
13. If the general term of a ſeries contains in it more. va- 
riable quantities, x, v, w, &c.; then find the ſum of the ſeries, 


firſt, from the hypotheſis that one of them (2). is only varia- 
3 


2. Suppoſe: p = the terms of as binomial 75 Wal ex- 
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ble, an properly oorrected, let be A; in the quantity K 


-ſuppoſe all the quatztities inyariahle hut ſome other v, and find 
the ſum of the ſeries thence reſulting, which let * B. * 


on; and the ſum of the ſeries will be deduced. 


— 
f Ex. Let the term a rr athe: andes 
of a and v, &c 


in the denominator muſt be at leaſt greater 
than its dimenſions in the numerator by a quantity greater 
than the number of the quantities- z, v, &c: which proceed 
in infinitum increaſed by unity. F irſt, ſuppoſe: s only 
* and the ſum of the infinite ſeries reſulting will be 
— — =A; then Luppoſe v _ variable, and the fum 


2 . 99 v1 972 


reſulting will be - — — f. = B, which 18 the fars gunned. 


If it be faprotes, that the quantities z and v, &c. in the 
fame term fhall neuer have the fame values, then ſuppoſe 
z and v always to have the ſame values, and the general term 


N. — becomes — =—=» of which let the 
2 | "2.241 22 + a 


ſum be V, then will B - V be the ſum required, 

On this and ſome other * more have been given in the 
Meditationes. 

14. If the ſum of the ſeries cannot be found in finite terms, 
and it is neceffary to recur to infinite ſeries; it is obſerved in 
the Meditationes to be generally neceffary to add fo many 
terms together, that the diſtance from the firft term of the 
ſeries may conſiderably exceed the greateſt root of an equation 
reſulting from the general term made S o; and afterwards a 
ſeries more converging may commonly be dednced from 
the fluents of fluxions reſulting from neglecting all but the 
greateſt quantities in the general terms reſulting ; and by other 

2 different 


8 


e 


—— 


Ps” o, - 


5111 40 


- 


Sifferent methods. Mr. Nicuor.as TOR and Mr. Mo- 


Vor inveſtigated the Hum of the: feries' (F) AR 
c. by 2 ſeries re i. 


4 2 45% 7 411 4%, 
Boy ; + re of TE = Fr Ke. 3 


where 455 40 „ . Kc. euote 4 8 differences of N 
che terms 4 A, 'B, n 3 Kc. If r be negative, the denomi- 
nators become 1 +7, ( ＋ N (a +7), &c. 

It has been obſerved, in he Meditationes, that ; in twiſt cc con- 


1. ſeries the — P will « converge more ſwiftly than the 
K * 52 1 44 3 4 a10c th IS +5 Ih 
ſeries Q in ſerie ries converging according to a geometrical ratio, 


ee the one will canverge more lift, and ſometimes 
he other. In other ſeries, which converge more ſlow, where 
'moſt commonly v nearly = = 1, it cannot in general bg Haid, 
which of the ſerieſes will « converge the ſwifteſt. The preceding | 
| remark, nz. the addition of the firſt terms of the ſeries, 1 is ne- 
oefflry it in moſt caſes of finding the furs \. ſerieſes of this. 
kind. 


It is not unworthy of obſervation, that in almoſt all caſes of 


infinite ſeries, the convergency depends © on the roots bf the 


given equations, Which remark was firſt publiſhed ; in the Me- 


ditationes. For example: : in finding approximates to the roots 
of given equations the convergency depends on how much the 
approximates given are more near to one root than to any 


other; and conſequently, when two or more roots or values of 
an unknown quantity are nearly equal, different rules are to be 


applied, which are improvements of the rule of falſe.. This 
rule, and the above-mentioned obſervations were firſt given in the 
Meditatjones Algebraic et Analyticæ, with. ſeveral. other. 


additions on ſimilar ſubjects. 


Many 


Un Were tiles: concerning” the ſummation of ſeries, which 
depend: on fluxional, &c. equations, might be added; but 1 
ſhall chnclude this paper with congratulating myſelf, that ſome 
algebraical inventions publiſhed by me have been fince 
thought not unworthy of | being publiſhed | by ſome of the 
greateſt mathematicians of this or any other age. 

It, In the year 1757, I ſent to the Royal Society the firſt 
{edition of my Meditationes Algebraicz : they were printed and 
publiſhed 1 in the years 1760 and 1762, with Properties of Curve 
Lines, under the title of Miſcellanea Analytica, and a copy 
of them ſent to Mr. EULER 1 in the beginning of the year 176: 3. 
in Which was contained a reſolution of algebraical equations, 
not inferior, on account of its generality : and facility, to any 


yet publiſhed (vez. y 24 +6 VF c Ve +. 7 This 
reſolution was publiſhed by Mr. EuLxR in the Peterſburg Ads 
for the year 1764. Whether Mr. EuLzs ever received my 
book, I cannot pretend to fay ; nor is it material: for the fact 
is, that it was publiſhed by me in the year 1760 and 1762, 
and firſt by Mr. EvuLER in the year 1764. Mr. Ds LA GRANGE 
and Mr. BzzovuT have aſcribed this reſolution to Mr. Evx xk, as 
firſt publiſhed in the year 1764, not having ſeen (I ſuppoſe) 
f my Miſcell. Analyt. Mr. BezouT found from it ſome new 
equations, of which the reſolution i is known, and applied i it to 
the reduction of equations : more new equations are given, 
and the reſolution rendered more eaſy by me in the Philoſophi- 
cal Tranſactions. 2d, In the above - mentioned Miſcell. Ana- 
lyt. an equation is transformed into another, of which the 
roots are the ſquares of the differences of the roots of the 
given equation; and it is aſſerted in that book, that if the 


co-efficients 


="60 1 © hh 2. 3 doe 9 


2 & . =* 


ts 


formation have been fince publiſhed and explained in the Berlin. 
Acts for the years 1767 and 1768, by Mr. DE La GRANGE. gd. 
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cpeſßeients of the terms of the reſulting equations change con- 


tinually from + to - and to+, the roots of the given equation 
are all poſſible, otherwiſe not; and in a paper; inſerted by me in 
the Philoſophical Tranſactions for the year 1764, in which is 
found from this transformation, when there are none, two or 
four impoſſible roots contained in an algebraical equation of 


four or five dimenſions; it is obſerved, that there will be none 
or four, &c. impoſſible roots contained in the given equation, 
if the laſt term be + or ; and two, &c. on the contrary, if 
the laſt. term be or +. Theſe obſervations and trauſ- 


In the Miſcell. Anal: an equation is transformed into another, 
whoſe roots are the ſquares, &c: of the roots of a given equation: 
and it is aſſerted, that there are at leaſt ſo many impoſſible roots 
contained in the given equation, as there are continual pro- 
greſſes in the reſulting equation from + to + and = to =, It is 
afterwards remarked, that theſc rules ſometimes find impoſſible 
roots when Sir Is A ac NewrTon's, and ſuch like rules, fail; and 
that Sir IsAAc NewrTon's, &c. will find them, when this rule 
fails. This rule may ſomewhat further be promoted by firſt 


whoſe root is / = ix; but, in my opinion, the rule of Han- 
kror's, which only finds whether there are impoſfible roots 
contained in a cubic equation or not, is to be preferred to theſe 
rules, which, in equations of any dimenſions, of which the 
impoffible roots cannot generally be found from the rules, ſel- 
dom find the true number. 4th, It is remarked, that rules 
which diſcover the true number of impoſſible roots require 
immenſe calculations, fince they muſt neceſſarily find, when 


V OL. LXXIV. H h h L the 


changing the given equation, whoſe root 15 F, into another 


4 
4 
| 
i 
1 
1 

| 
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the roots become equal. In order to this, in the Miſcell Anat. 
there is found an equation, whoſe roots are the reciprocals of 


the differences of any two roots of the given equation; atid 
from * nding a quantity (=) greater than the greateſt root of the 


given, and ( ) greater than the greateſt root of the reſulting 


equation, and ſubſtituting æ, 7 A, 7— 2A, &c: for x in 
the given equation; will always be found the true number 
of impoſſible roots. th, In the ſame book are aſſumed . two 
equations (nx — n — 1px" . -= 29x%3 &. =o and 
* —px"—"+ &c. =); and thence deduced an equation, whoſe 
root is w, from which, in ſome caſes, can be found the num- 
ber of impoſſible roots. finde 

6. In the Miſeell. Anal. is given the hw of a feries a its 
demonſtration, which finds. the ſum of the powers of the roots 
of a given equation from its co- efficients. Mr. Eu ER has ſince 
publiſhed the ſame in the Peterſburg Acts. Mr. DE LA GRANGE 
printed a property of this ſeries, alſo ptinted by me about the 
ſame time; via. that if the ſeries was continued in inſinitum, 
the powers would obſerve the ſame. law as the roots, which 
indeed immediately follows. from the ſeries itſelf; but from 
thence: with the greateſt ſagacity he deduces the law of the 
reverſion of the ſeries (y=a +bx +cx* + dx + &c.) : it has fince 
been given in a different manner from ſimilar principles in the 
Medit. Analyt. 7. In the Miſcell. Analyt. the law of a ſeries 
is given for finding the ſum of all quantities of this kind (a“ x 


G x y x 8 x &c. ＋ &c.) where a, , y, 3, &c. denote the roots of a _ 


given equation, from the powersof the rootsof thegiven.equation. 
This law, with a different notation, has been ſince publiſhed in the 
Paris Acts by Mr. VaNDERMONDE ; who indeed mentions that he 


2 | had: 
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had heard, that a ſeries for that purpoſe was contained in my- 
N book, but had not ſeen it. In the ſame book is given a method 


of finding the aggregates of any algebraical functions of each of 


the roots of given equations, which is ſomewhat improved 


in the latter editions. 8. In the fame book are afſumed 


Ee 4 * Az" + Be" e. 
„ an . , o,. 

[LET "+&c. Pf &. . 

quantity whatever for x and y, the unknown quantities of a given 


equation of two or more dimenſions. 9. In the Miſcell. Analyt. 


where z is any rotion] 


7 biquadratic * + 2px*=qa*+r7x+5, of which no term 


is deſtroyed) is reduced to a quadratic (x* + px +1 = 
* F +2n+qgx+v s+n';) and in the ſecond edition of . 
printed in the years 1767, 1768, 1769, and publiſhed in the 
beginning of the year 1770, the values of » are found 
ag T ay+B83 an : =, 


er vary . 5 


* ad 1 * 
reſpectively — 2 S. = = and their nega- 


=, = 


2 


and the fix values of y* + 2% +9 


thang z and the fix values of TD 5+n#" reſpectively 


, and their negatives. 10. From a given ITT | 


(yf +gy* +ry +5=0) by aſſuming y*+ay+5=v and à and 5 


ſuch quantities as to make the ſecond and fourth terms of 
the reſulting equations to vaniſh, there reſults an equation 
{v*+Av*+B=0o) of the formula of a quadratic. . Mr. DE LA 
GRANGE has aſcribed this reſolution to Mr. TschIRNHAUS EN; 
but in the Leipſic Acts the reſolution of a cubic is given by 
Mr. Tscyi1RNHAUSEN, but not of a biquadratic : his general 
deſigu ſeems to be the extermination of all the terms. 


H hh 2 11. Mr. 


4'2 „ "©" Wande on the 
21. Mr. Eulxn or Mr. DE LA GRANGE — that 1 5 be a 


vt cf the equation x*— 1 2, where n 1 


"TY „„ will be 0 roots of it. More on a ſimi- 
lar ſubject has been added in the laſt edition of the Medit. 
Algebr. 12. It is obſerved in the Miſeell. Analyt. that 


Carpan's or Scirio FzrxxEvs's reſolution of a cubic is a reſo- 


lution of three different cubic equations; and in the Medit. 
Algeb. 1770, the three cubics are given, and the rationale of 
the reſolution (for example: if «, , and y, be the roots of 
the cubic equation x gx —r =o, then is given the function 
of the above roots, which are the roots of the reducing equa- 


lation of biquadratics. 13. It is aſſerted in the Miſcell. that 
if the terms (My* + by*"x +cy*—*x* + &c. and Ny* + By*—x + 
r + &c.) of two equations of 7 and n dimenſions, which 
contain the greateſt dimenfions of x and y have a common di- 
viſor, the equation whoſe root is x or y, will not aſcend to 
n n dimenſions; and if the equation, whoſe root is x or y, 
aſcends to 7 x m dimenſions, the ſum of its roots depends on 
_ terms of u and 1-1 dimenſions in the one, and m and 
i dimenſions in the other equation, &c. It is alſo afferted, 


in the Miſcell. that if three algebraical equations of u, m, 


and r dimenſions contain three unknown quantities x, y, and 
2, the equation, whoſe root is x or y or 2, cannot aſcend to 
more than 1. m. r dimenſions. 14. Mr. BzzourT has given 
two very elegant propoſitions for finding the dimenſions of the 
equation whoſe root is æ or y, &c ; where x, y, &c. are un- 
known quantities contained in two or more (5) algebraical 
equations of Ty i Y, &c. dimenſions, and in which fame of 
the unknown quantities do not aſcend to the above , ę, , &c. 

dimenſions 


a prime number, 


tion 2 r g); and alſo the rationale of the common refo- 
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dimenfions reſpectively. In demonſtrating theſe propoſitions 
he uſes one (amongſt others) before given by me (vi. if an 


equation of = dimenſions contains m unknown quantities, the 
number of different terms which may be contained in it will 


be 2+ 1 2 9 — In the Medit. 1770 there is 
N rr 3 | | 


given a method of finding in many caſes the dimenſions of the 
equation, whoſe root is x or y, &c.; from which one, if not 

both, of the above-mentioned caſes may more eafily be deduced, 
and others added. 15. In the Medit. 1770 is obſerved, that 
if there be = equations containing n unknown quantities, 
where is greater than m, there will be n- m equations of 
conditions, &c. 16. In the Miſcell. is given and demon- 

ſtrated the ſubſequent propoſition ; vs. if two equations con- 
tain two unknown quantities æ and y, in which x and y are 
ſimilarly involved; the equation, whoſe root is x or y will 
have twice the number of roots which the equation, whoſe 
root is x+y, x*+y*, &c. has. In the Medit. 1770 the ſame 4 
reaſoning is applied to equations, which have two, three, four, 1 
&c. quantities ſimilarly involved. 17. Mr. DE LA GRANGE has 1 

done me the honour to demonſtrate my method of finding the 1 
number of affirmative and negative roots contained in a biqua- 4 

dratic equation. A demonſtration of my rule for finding the | 
number of affirmative, negative, and impoſſible roots contained | 

in the equation x" + Ax" +B=0 is alſo omitted, on account of its =. 
eaſe and length, From the Medit. the inveſtigation of finding the 
true number of affirmative and negative roots appearsto be as diffi- = 
cult a problem as the finding the true number of impoſſible roots; 18 
and it further appears, that the common methods in both caſes 4 
can ſeldom be depended on. But their faults lie on different tides, ll 


7 


Dr. Wang an 16 


my 


the one generally finds too many, the other too few. 28. In 


the Medit. 1570, from the number of impoſſible roots in a 


poſſible roots in an equation, whoſe roots (v) have any aſſigna- 


are given in the relation (ax%* - 7 = n= 1þx* + &c.==0v) ; and 
in an equation, whoſe roots are the ſquares of the dif- 
ferences of the roots of the given equation. 19. It is obſerved 
in the Medit. 1770, that in two or more equations, having 


two or more unknown quantities, the ſame irrationality will be 


contained in the correſpondent values of each of the unknown 
quantities, unleſs two or more values of one of them are 
equal, &c. The ſame obſervation is alſo applied to the co- 
efficients of an equation deduced from a given equation. 20. 
In the Miſcell. was publiſhed a new method of exterminating, 
from a given equation, irrational quantities, by finding the 


the multipliers, which, multiplied into it, give a rational pro- 
duct. 21, In the Medit. 15750, are given the different reſolu- 


tions of a certain quantity (a rb) and (4 T rb) into 
quantities of the ſame kind. 22. Mr. ds La GRANGE has very 
elegantly demonſtrated Mr. Wi1LsoN's celebrated property of 
prime numbers contained in my book. In the laſt edition of the 
Medit. the ſame property is demonſtrited, and ſome ſimilar 
ones added. 23. In the Miſcell. is given a method of finding 
all the integral correſpondent values of the unknown quantities 


quantities; and, in the Medit. 1770, are given methods of re- 
ducing fimple and other algebraical equations into one, fo that 
ſome unknown quantities may be exterminated ; and if the 
voknewn quantities of the reſulting equations be integral or 

rational, 


given equation (x" pri + &c, = o) is found the number of im- 


ble relation to the roots of a given equation ; and examples 


of a given ſimple equation, having two or more unknown 
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rational, the unknown quantities exterminated may alſo be 
integral or . rational. 24. In the Medit. are given rules for 
finding the different -and correſpondent roots of an equation, 
whoſe reſolution 1s given. 25. Mr. DE LA GRANGE has recom- 
mended my new transformation of equations, publiſhed in the 
Miſcell. which perhaps is not leſs general nor elegant than any 
yet publiſhed ; and in the Meditat. 1770 is given a method very 
uſeful in finding the co-efficients, 


If either here, or in the preface to the Medit. Algebraic, 


I have aſcribed to myſelf any algebraical, or in the properties 
of curve lines any geometrical, or in the Medit. Analyt. any 
analytical invention, which has been before publiſhed by any 
other perſon, I can only plead ignorance of it, and hall on 
the very firſt conviction acknowledge it. 

I muſt further add, that I have been able to carry my alge- 


braical improvements into geometry; for from them, with« 


ſome geometrical principles added, I have (unleſs F am de- 
ceived) deduced as many new properties of conic ſections and 
curve lines as have been publiſhed by any one ĩnce the great 
geometrician APOLLONIUS. 
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XXIX. An Account of a remarkable Fraß on n the 5 of 1 


1783. In a Letter from the Rev. Sir John C 11. Bari. 
F. R. S. and S. A. to Sir Joſeph Banks, Bart. P. R. S. 


\ 


DEAR 1, 4 Hardwick-houſe, 


| Nov. 10, 1783. 
ym I bad the pleaſure of being you in London, in 
the autumn, and mentioned a froſt that happened in 
my neighbourhood on the 23d of laſt June, you expreſſed a 
defire of receiving ſome particulars about it. I therefore now 
ſend you ſome memorandums which I made at the time. 
About fix o'clock, that morning, I obſerved the air very 
much condenſed in my chamber-window ; and, upon getting 
up, was informed by a tenant, who lives cloſe to my houſe, 
that finding himſelf cold in bed, about three o'clock in the 
morning, he looked out at his window, and to his great ſur- 
priſe ſaw the ground covered with a white froſt : and I was 
afterwards aſſured, upon indubitable authority, that two men 
at Barton, about three miles off, ſaw between three and four 
o'clock that morning, m ſome ſhallow tubs, ice of the thick- 
neſs of a crown-piece, and which was not melted before fix. 
This unſeaſonable froſt produced ſome remarkable effects. 
The ariſtæ of the barley, which was coming into ear, became 
brown and withered at their extremities, as did the leaves of 
the oats; the rye had the appearance of being mildewed ; fo 


that 


that the farmers were alarmed for | thoſe erops. The wheat 
was not much affected. The larch, Weymouth pine, and 
hardy Scotch fir, had the tips of their leaves withered; the 


firſt was particularly damaged, and made a ſhabby appearance 


the reſt of the ſummer. The leaves of ſome aſhes, very 
much ſheltered in my garden, ſuffered greatly, A walnut-tree 
received a ſecond ſhock (the firſt was from a ſevere froſt on the 
26th of May) which completed the ruin of its crop. Cherry- 
trees a ſtandard peach- tree, filbert and haſel - nut trees, ſhed 
their leaves plentifully, and littered the walks as in autumn. 
The barberry · buſ was extremely pinched, as well as the hy- 
pericum perforatum and hirſutum: as the two laſt are ſolſti- 
tial, and rather delicate plants, I wondered the leſs at their 
ſenſibility; but was much ſurpriſed to find, that the vernal 
black-thorn and ſweet violet, the leaves of which one would 
have thought muſt have acquired a perfect firmneſs and 
ſtrength, were injured full as much. All theſe vegetables ap- 
peared exactly as if a fire had been lighted near them, that had 
ſhrivelled and diſcoloured their leaves: 
penetrabile frigus adurit. 
At the time this havock was made among ſome of our - hardy 
2 natives, the exotic mulberry- tree was very little affected; a 
fig-tree, againſt a north-weſt wall, remained unhurt, as well 
as the vine, on the other ſide, though juſt coming into bloflom. 
I ſpeak of my own garden, which is high; for in the low 
K. ones about Bury, that is but a mile off, the fig- trees, in par- 
ticular, were very much cut: and, in general, all thoſe gar- 
dens ſuffer more by froſt than mine. 

Some weather, that was cold for the time of year, had pre- 
ceded this froſt. On the 21ſt the thermometer had, at no 
time of the day, riſen to 60"; on the 22d, at ten at night, it 
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had funk to 50% On the laſt day, and on the 23d, diſappeared 
that dry haze, which had taken place ſome days before, and 
continued to blot out the face of the ſun for ſo long a time 
afterwards. Aſter ſun- ſet on the 24th it appeared again, and 
the next day the leaves of _ N were covered with 
a clammy ſweetneſs. C ny 
The above light notes were taken in my en and its en- 
virons; and I with they may afford you the ſmalleſt enter- 
tainment. If you ſhould think them worth the attention of 
the Royal Society, diſpoſe of them accordingiy. So ſevere a 
froſt, ar ſo advanced a ſeaſon, is certainly not otie of the leaſt 
remarkable — | the eee Phun cant of this year. 


1 remain, gear, Sir, > | 
Your much obliged and faithful ſervant, 
Jonn CULLUM. - 
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XXX. On a new Method of preparing a Te " Liguor to. ſhew the 
| Preſence of Acids and Alkalies in chemical Mixtures. By Mr. 


James Watt, Engineer ; communicated by Sir Joſeph Banks, 


2 P. R. C. 


Read May 27, 1784. 


HE ſyrop of violets was formerly the teſt of the point of 
ſaturation of mixtures of acids and alkalies, which was 
principally uſed ; but ſince the late improvements in chemiſtry, 
it has been found not to be ſufficiently accurate, and the infu- 
ſion of tourneſol, or of an artificial preparation called litmus, 
have been ſubſtituted in the place of it. 
The infuſion of litmus is blue, and becomes red with acids. 


It is ſenſible, to the preſence of one grain of common oil of 


vitnol, though it be mixed with rooooo grains of water; 
but as this infuſion does not change its colour on being mixed 
with alkaline liquors, in order to diſcover whether a liquor be 
neutral or alkaline, it is neceſſary to add ſome vinegar to the 
litmus, fo as juſt to turn the infuſion red, which will thefi be 
reſtored to its blue colour, by being mixed with any alkaline 
liquor. The blue infuſion of litmus is alſo a teſt of the pre- 
ſence of fixed air in water, with which it turns red, as it does 
with other acids. ; 
The great degree of ſenſibility of this teſt would leave very 
little reaſon to ſearch for any other, were there reafon to be- 


lieve that it is always a teſt of the exact point of . ſaturation of 


111 2 acids 


— — . 


* 


40% n Mr. Warr't Methed m — 
acids and alkeaies, which the * fact ſeems to call in 


queſtion. 

I have n that - a mixture of phlogiſticated nitrous 
acid with an alkali will appear to be acid, by the teſt of lit- 
mus, when other teſts, ſuch as the infuſion of the petals of 
the ſcarlet roſe, of the blue iris, of violets, and of other 
flowers, will ſhew the ſame liquor to be alkaline, by turning 
green ſo very evidently as to leave no doubt. 

At the time I made this diſcovery, the ſcarlet roſes and 
ſeveral other flowers, whoſe petals change their colour by acids 
and alkalies, were in flower. I ſtained paper with their juices, 
and found that it was not affected by the — nitrous 
acid, except in ſo far as it acted the part of a neutralizing acid; 
but 1 found alſo, that paper, ſtained in this manner, was by no 
means ſo' eaſily affected by acids of any kind as litmus was, 
and that in a ſhort time it loſt much of that degree of ſenfibi- 
lity it poſſeſſed. Having occaſion in winter to repeat. ſome ex- 
periments, in which the phlogiſticated nitrovs acid was con- 
_ cerned, 1 found my ſtained paper almoſt uſeleſs. I was, there- 
fore, obliged to ſearch for ſome ſubſtitute among the few vege- 
tables which then exiſted in a growing ſtate ; of theſe I found 
the red cabbage (braſſica rubra) to furniſh the beſt teſt, and in 
its freſh ſtate to have more ſenſibility both to acids and alkalies 
than litmus, and to afford a more decifive teſt, from its being 
naturally blue, turning green with alkalies, and red with acids ; 
to which is joined the advantage of its not being affected by 
phlogiſticated nitrous acid any farther than it acts as a real acid. 

To extract the colouring matter, take thoſe leaves of the cab- 
bage, which are freſheſt, and have moſt colour; cut out the 
larger ſtems, and mince the thin parts cf the leaves very ſmall ; 
then digeſt them in water, about the heat of 120 degrees, for 

2 a few 
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a few hours, and they will yield a blue liquor, which, if uſed 


immediately as a teſt, will be found to poſſeſs great ſei;.ubility. 
But, as this liquor is very ſubje& to turn acid and putrid; and 


to loſe its ſenſibility, when it is wanted to be preſerved for 


future uſe the following procefles ſucceed the beſt. 
1. After havh g minced the leaves, ſpread them on paper, 


and dry them in a gentle heat; when perfectly dry, put them 
up in glaſs bottles well corked; and when you want to uſe 


them, acidulate ſome water with vitriolic acid, and digeſt, or 
infuſe, the dry leaves in it until they give out their colour ; 
then ſtrain the liquor through a cloth, and add to it a quan- 
tity of fine whiting or chalk, ſtirring it frequently until it 


becomes of a true blue colour, neither inclining to green nor 


purple; as ſoon as you perceive that it has acquired this colour, 
filter it immediately, otherwiſe it will become greeniſh by 
longer ſtanding on the whiting. 

Fhis liquor will depofite a ſmall quantity of gypſum; and 
by the addition of a little ſpirit of wine will keep good for 
ſome days, after which it will become a little putrid and red- 


diſh. If too much ſprit is added, it deſtroys the colour. If 


the liquor is wanted to be kept longer, it may be neutralized by 
means of a fixed alkali inſtead of chalk. 


2. But as none of theſe means will preſerve the liquor long 


without requiring to be neutralized afreſh, Juſt before it is uſed ; 


and as the putrid and acid fermentation which it undergoes, and 


perhaps the alkalies or ſpirit of wine mixed with it, ſeem to 


leflen its ſenſibility; in order to preſerve its virtues. while it is 
kept in a liquid ſtate, ſome freſh leaves of the cabbage, minced 
as has been directed, may be infuſed in a mixture of vitriolic 
acid and water, of about the degree of acidity of vinegar; and 
it may be neutralized, as it is wanted, either by means of chalk, 

or 
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or of the fixed or volatile alkali. But it is neceſſary to obſerve, 
that if the liquor has an- exceſs of alkali, it will ſoon loſe its 
colour, and become. yellow, from which ſtate it cannot be 
reſtored ; therefore care ſhould be taken to bring it very exactly 
to a blue, and not to let it verge towards a green“. 

3. By the ſame proceſs I have made a red infuſion of violets, 
which. on being neutralized, forms at preſent a very ſenſible 
teſt ; but how long it will preſerve its properties I have not 
yet determined. Probably the coloured infuſions of other 
flowers may be preſerved in the ſame manner, by the antiſeptic 
power of the vitriolic acid, ſo as to loſe little of their original 
ſenſibility. Paper, freſh ſtained with theſe teſts in their neutral 
Rate, has ſufficient ſenſibility for many experiments; but the 
alum and glue which enter into the preparation of writing- 
paper ſeem in ſome degree to fix the colour; and paper which 
is not ſized becomes ſomewhat tranſparent, when wetted, 
which renders ſmall changes of colour imperceptible ; ſo that 
where accuracy 1s required, the teſt ſhould be uſed in a liquid 


ſtate +. 


* Since writing the above, I have found, that tl - infuſions of red cabbages 
and of various flowers in water acidulated by means of vitriolic acid, are apt to 
turn mouldy in the ſummer ſeaſon, and alſo that the moulding is prevented by the 
addition of ſpirits of wine. The quantity of ſpirit which is neceſſary for this 
- purpoſe I have not been able to aſcertain; but I add it by little at a time, until 
the progreſs of the moulding is prevented. 

+ I have found, that the petals of the ſcarlet roſe, and thoſe of the pink- 
coloured lychnis, tregted in this manner, afford very ſenſible teſts, 
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XXXI. An Account of a new Plant, of the Order of Fungi. 


By Thomas Woodward, E.; communicated by Sir Joſeph 
Banks, Bart. P. R. S. 


Read June 10, 1784. 


Plante nove Deſeriptio — — an Genus novum ? 


Radices paucæ; tenues; albidæ. | 8 
Volva ovata; duplex, mucilagine interpoſita; ſubalbida. 
Stipes, e volva interiore ſurgens, ſublignoſus; 3 Cavus; 
© cortice lacerato veſtitus; ſubfuſcus. 2 
Capitulum, ftipitis ſummitati inſidens, reflexum ; ſubtus 
campanulatum, glabrum; ſuperne pulverulentum, et, e 
pulveris craſſitie, globiforme ; volvæ ruptæ ſummita- 
tem, minime adhærentem, in ſe gerens. 
Pulvis ſphæricus; ſemipellucidus; luteo- fuſcus. 


O's #4 * 
an. 
* 

** 


IIS extraordinary vegetable production arĩſes from a volva, 
which is buried fix or eight inches deep in dry ſandy banks; 
and, conſequently, it is extremely difficult to detect it in its 


earlieſt ſtate. At its firſt appearance above ground, the pow- 
dery head is covered with a looſe campanulated cap, which 
does not adhere by any the ſmalleſt filaments ; and which, I 
ſuppoſe, to be the upper part of the volva, as both always 
appear ragged when taken up. When the plant 1s taken up 
immediately on its appearing above ground, the ſtem is about 


fix or eight inches long; and, as well as the volva, replete 
with 
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with mucilage, making it much heavier than when it has 
attained its full growth. This is the ſtate to which the de. 
ſcription given above refers. The duſt is now perfectly formed, 
and is ; diſperſed- 'by the ſlighteſt touch, or by the wind. A 
great alteration ſoon takes place, as it now proceeds very rapidly, 
| and in a few days attains the ſummit of its growth, which is 
from nine to fifteen inches, more than half being generally 
buried in the ground, The ſtem becomes woody, though 
hollow, the bark ſtill more ragged, and the whole plant much 
lighter, both volva and ſtem being now quite dry, and free 
from mucilage. The wind and. ſhowers ſoon diſperſe the 
greateſt part of the duſt ; and at length the ſtalk appears with 
a naked, coriaceous, campanulated pileus, and confiderably 
bleached, in colour and appearance not unlike a dry ſtalk of 
hemp. In this ſtate ſome of them are now to be found (Aug. 
28, 1783) with plants of this year riſing near them, 
Mr. Humensevs, of Norwich, who firſt found this very 
extraordinary plant, met, with it only in the ſtate laſt de- 
| ſcribed, and without diſcovering the volva; fo that no judge- 
ment of it could be formed. It has been taken by ſome per- 
ſons for a decayed or abortive agaric ; but that opinion could 
not be maintained by any one who had ſeen it in its recent 
ſtate. 
I firſt met with - it in February or March 1783 in its 10 
and withered ſtate; but as it was ſuſpected, e with little 


Fo ! 


appearance of reaſon, to be a decayed Agaricus procerus, I 2 
wiſhed to examine the root carefully, in order to obſerve whe- th 
ther it was bulbous. The bulb of the Agaricus procerus is ſu 

ſcarcely hidden under the ſurface, and I was much ſurpriſed 10 

at the depth to which I was obliged to ſearch for the root of va 
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this plant; at length, however, rembving the earth carefully 
to the depth of ſeven: or eight inches, I met with" it, and i 
my great pleaſure and ſurpriſe, on raiſing the plant, I gifeg-4 
vered the volva, which was ſo unlike the fugitive one of ths" 


agaric, that I was . convinced i it muſt be n 
new. en 26% 0 a 

An account of 11590 was directly ſent to Mr. — of © 
Covent-Garden, an able botaniſt, and diligent enquirer after 
the claſs Cryptogamia. Mr. Drcxson, who had before feen it 
in the ſtate in which it was found by Mr. Humenreys, but 
could make nothing of it, though thoroughly convinced it was no 
agaric, immediately requeſted that I would watch the ſpot, and 
endeavour to detect the plant in its earlieſt appearance. I com- 
manicated this to my neighbour Mr. SToNE, a moſt diligent and 
ſkilful botaniſt, who firſt reſtored the Lycoperdon coliforme; and 
we determined to examine the ſpot carefully together, from the 


month of Auguſt downward. About the middle of Auguſt 
we firſt diſcovered a plant juſt ariſen, which was ſent to Mr. 


Dicxson, and a full deſcription'of which is before given; but 
though we have daily viſited the ſpot fince, we have never 
been able to find it again in ſo young a ſtate; for ſo rapid ap- 
pears to be its growth, that we have found plants of two or 
three inches height above the ground, the ſtems of which had 
loſt part of their mucilage, where the day before none had been 
viſible. We have three or four times attempted to diſcover the 
volya in its earlieſt ſtate, by removing the earth carefully near 
the old ſtems of the preceding year; but this has been without 
ſucceſs: and there is little hope of ſucceeding in it, as the 
volva lies very deep in the ground, and the plant ariſes at ſuch 
various times. = 
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This plant agrees with the genus Phallys in its volva, which 
das a double coat replete with mucilage 3 and 1 its ſtipes crowied | 
with a reflexed pileus. Bot it more nearly approaches the 
genus Lycoperdon, by its head covered with a thick duſt, en- 
tained in a ſubſtance of a ſpangy appearance, and by the form 
of the duſt, which agrees perfectly with that of moſt of the true 
lycoperdons, when examined in the microſcope.” To this genus. 
it muſt at preſent probably be referred. though the total want 
of an exterior coat preveuts its egreeig with it ſo perfectly 
it ought. _ a 
The Mucor * ſepticus of Hon and een (Mucor 
ovatus of SCHAEFFER) ; the Mucor “ butyraceus of Schæxrryxx 
{194.), not taken notice of by either HupsoNn' or LicnTrooT, 
but which I baveroften found here; and the Lycoperdon “ epi- 
dendrum of LiGuTzoorT, which L ſuppoſe to be what Hunsort 
calls, Lycoperdon epighyllum,. ag he hag-referred to: the fame 
plate of SCHBFFER (x93-:Mucor fragiformis) ; have all ſome: 
affinity with the fructiſication of this plant; and the more ſo, 
if we ſuppoſe the head to be at firſt covered! with a mucilage;. 
which afterwards turns to a duſt ;| but this will hardly be ad- 
mitted, as the plant ſent. to Mr. Dieksod had the duſt per- 
fectly formed, though the volva and ſtera were both replete 
with mucilage. But we cannot admit it to agree with any of 
theſe laſt mentioned plants, as they have all an exterior coat, 
though very fugitive, of which this ſeems entirely deſtitute. 
We may add, that they are all very tugitive * ; 


I cannot help obſerving that, in my opinion, HALLER has done more rightly 
in making theſe into a new genus (Filago), than our botaniſts, who have jumbled 
them with the genera Lycoperdon and Mucor, to which they have no great affinity 
any more than the Sphæria of HALTER, 5 very improperly ranked with the 
Lycoperdons and Clavariæ. ; 

whereas 
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whereas this, though ſoon arivng a at maturity, is of a "ny : 
and permanent ſtructure. 


> ww * 4 * * . 8 
- . F * 


P. S. In a letter Mr. Diexsox received from Mr. Woop wax p,. 
Feb. 12, 1784, he informs him, that he is quite convinced by 
ſome late obſervations, that the above-mentioned plant fre- 
quently comes to a ſtate of perfection before it reaches the ſur- 
face. The only difference to be obferved is, that the duſt is 


that caſe is of a darker colour, which he een 18 owing ta. 
its not being e to the air. 


e 


A 


K k k 2 


X 2 
IS Zen Ts | V 4 8.4 3 Wan * 
2 k 8 * n 
"HOU # 8 tr "] 9 157403 11%; 74 19 dulv: 12 1 l +. bert: - boos Cite tes - 
up n 92 


XXVXIl. Experiments to inveſtigate the Variation of Local Heat. 
By James Six, Ei.; communicated * the * Francis 
Wollaſton, LL. B. F. R. S. | 
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TyJEING aefir rous of inveſtigating the variation of loca 
2 I hear, I made the following experiments. : 

On the 4th of September, 1793, F placed thermometers in 
three different ſtations 3 one on the top of the high tower of 
Canterbury Cathedral, about 220 feet from the ground ; ano- 
ther at the bottom of the ſame tower, at about 110 feet; 
and a third in my own garden , not more than fix feet from 
the ground. They were all carefully expoſed to the open air 
in a ſhady northern aſpect; the lowelt was 2 little liable to be 


would permit, the ſecond ſtill leſs, and the higheſt not at all. 
They continued unfemoved. j int ir ſeveräl places, where I 
viſited them daily for the ſpace of three weeks, and minuted 


down the greateſt degree of heat and cold that happened each 
day and night in their reſpective ſtations +. 


: This garden is ſituate not far from the Cathedral, at the extremity of the 
buildings on the north fide of the city. 

+ The thermometers here made uſe of were conſtructed to ſhew the oreateſt 
1x degree of heat and cold which happened in the obſerver's abſence (deſcribed Phil. 
Tranſ. vol, LXXII. part I.), which rendered them particularly convenient on this 
occaſion. They had hung together for ſome. time, and ſeldom differed half 2 
degree from each other, 


affected by the reflection of the ſan” 8 Tays as the elevation 
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i By thefe obſervations it appears, fee Tablet. that, note itliſtand- 


my ſome irregularities, the heat of the days at the low ſt ſtatioti 
always exceeded that at the middle, and ſtil} more the heat at the 
upper ſation. As in many Tnſkabces the higher regions of the 
atmoſphere have been found to be colder than the lower, and 


the thermometer i in the garden was more Table to be heated by 
the reflection of the ſun's rays from the earth than the upper 


ones, a difference of this kind might have been expected. But 


J was greatly ſurpriſed to find the cold of the night at 


the loweſt, not only equal to, but, very frequently, ex- 
ceeding the cold at the higher ſtations. 
whether theſe variations would continue the fame in the win- 
ter, When the weather was colder; and whether 'a thermo- 


meter, placed at ſome diftance from the city, Having an eleva- 


tion equal to that on the top of the Cathedral tower, would 
agree with it; on the '19th of December, 1783, I diſpoſed” | 
the three thermometers 1 in the following manner: one in my 
garden; one on the top of the high tower, as before ; and the 
third on the top of St. Thomas's Hill, about a mile diſtant 
from the city, 'where, at fifteen feet from the ground, it was 


nearly level with that on the Cathedral tower. Table II. con- 
The weather 
at this time proving cold, favoured the experiment; and I now 


tains the obſervations that- were then made *. 


found the ſeveral thermometers nearly agreeing with each other 
in the day- time: but in the night, the cold at the lower ſta- 


tion exceeded the cold at the higher ones rather more than it 
did in the month of September, when the weather was 
warmer. | 


confiderable diſtance from each other, 


FS 


* 


As T'withed to know, 


* The few omiſſions in this Table were occafioned by the ſeverity of the cold 
WJ preventing my attending at a proper time the thermometers, which were at a 


At 


1 d 
1 
aA 


rn 
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At the time of raking (theſe thermometrical bete I 
likewiſe noted the different diſpoſitions of the. atmoſphexe in 
other reſpedts : ſuch as the preſſure, moiſture, and dryneſs of 
the air; force and direction of the winds ; quantity of rain; 
whether the appearances of the ſky were clear or cloudy, &c. 
28 1 apprehended the local variation of the thermometers might, 
in a certain degree, correſpond with forme tag change. in 
the ſtate of the atmoſphere. 

The event , anſwered my en in $ fngular manner 
in reſpect to the nocturnal variation; far it generally happened, 
that when the ſky was dark and cloudy, whatever.was the con; 
dition of the atmoſphere 1 with relation to the other particulars 
aboye enumerated; the thermometers agreed pretty nearly,with 
each other; but, on the contrary, whenever the ſky became 
clear, the cold of the night at the loweſt ſtation in the garden 
conſtantly exceeded the cold at the top of the Cathedral tower, 
where the inſtrument was placed 220 feet from the ground, 
entirely expoſed to the open air, wind, deus, and main in 
a ſhady northern aſpect. 
The local variations in the daytime. ſcemed to be "nt | 
by the general degree of heat only, without being affected by. 
any other particular diſpoſition of the atmoſpliere, or the clears 
neſs or cloudyneſs of the ſky, as the nocturnal variations were. 
In the month of September, when the glaſſes roſe from 60* to 
70?, the heat at the lower ſtation. conſtantly exceeded the heat 
at * upper ſtation ; and in ſome meaſure proportionally, as 
ln December and January, when 


9 As the heat at hs 8 8 exceeded the heat at the upper ones, when 
the weather was hot; and equally ſo, whenever the ſky was cloudy, as well as 
when it was clear; it appears, that the glaſs at the lower ſtation was not mate- 
rially affected by the reflection of the ſun's rays from the earth, as at firſt 1 
ä it would be. | 


from 
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from below 30* they ſeldom roſe to 40®, the local variation in 
the day-time nearly ceaſed, or was found in very ſmall degrees 
inclining ſometimes one way, ſometimes the other. 8 

That the clearneſs of the K ſhould contribute to the e. 
neſs of the air in the night, is not at all ſurpriſing; but that, 
whenever the ſky becomes clear, the cold ſhould feem to ariſe from 
the earth, and be found in the greateſt degree, as long as it con- 
tinues clear, in the loweſt ſituation, ſeems a little extraordinary: 
this, however, appeared to be the caſe, both in the warmer as well 
25 in the colder weather, during the whole time theſe obſervations 
were taken, and remarkably ſo on the following days. On the 
firſt of January the weather was cold, the ſky cloudy, the glaſſes 
m the night were at 20%, and in the day at 34*: the wind 
which had been at S. E. the day before, changed in the evening 
to S. and brought on a thaw. On the ſecond of January 
clouds and miſty rain darkened the ſky all day; the wind 
blew briſkly at S.W. ; the. glafſes'in the night were at 32%, in 
the day at 40% On the third of January the clouds and rain 
F continued, the weather growing ſtill warmer; wind at S.W. 
by S.; the glaſſes in the night were at 36, in the day at 454. 
Theſe three days the weather gradually became warmer; and, 
while! the ſky remained darkened by clouds, all the glaſſes in 
their ſeveral ſtations nearly agreed with each other. About 


at Noon, on the third of January, the ſky becoming clear, the 
_ ar grew cooler; and going into my garden, about eight o'clock 
_ n the evening, I perceived the ſurface of the ground, which 
had been wet by the rain in the forenoon, began to be frozen. 
en * EL EC Hom os. 
% Looking immediately at the thermometer, I ſaw the mercury at 
te- 3e; and obſerving a piece of wet linen hanging near the 
ts Nflaſs, not five feet from the ground, I took it into my hand, 

A ad found it not in the leaſt frozen ; W which it appeared, 


that 


4 32, Mr. Six's Experiments to inveſtigate 
that the degree. of cold. which had frozen the ſurface; of the 
ground, | had not then aſcended to the glaſs, nor to the linen 
and conſequently. had not been communicated to the air, five! or; 
fix feet above the earth. The next day I found, as 1 expected, 
a couſiderable local variation: the index for the cold of the, 
night in the garden being at 3a, that on the hill being, 
at 35*t, and that on the top of the tower at 37˙1 *. 
Probably the weather did not continue clear the * 
night; ; if it had, it is likely the degrees of cold would have 
been found proportionally greater at every ſtation. On the 
morning of the 4th there fell a miſty rain, which continued 
only till noon, when the ſky became clear again, and con- 
tinued ſo till the th; during which time the nocturnal heights 
of the thermometers differed conſiderably from each other; 
but on the ſky's becoming cloudy, the local variation ceaſed. 
- Thermometrical -obſervations, made under the ſame cir- 
cumſtances in reſpect to the ſeaſon of the year, place, and 


ſituation +, may probably be liable to ſimilar local varia- 


"It is remarkable; that the Gracie on St, Thomas's hill did not vary 
ſo-much from that in the garden, as that did'which was on the Cathedral tower, 
although theſe two elevated glaſſes were within three feet of a perfect level with 
each other; the variations, however, as often as they happened, inclined the 
Same way. The reaſon of this might probably be, that although the glaſs on the 
hill was at an equal altitude with that on the tower, in reſpe& to the ground on 
which the Cathedral ſtands : yet the former was only 15 feet, while the latter 
was 220 feet from the ground. 

+ Situation in regard to hill or valley. The valley in which Canterbury ſtands 
is at that place about a mile in breadth, opening to the N. E.; the hills on either 
fide do not riſe very ſudden, nor very high ; the river Stour, divided into branches, 
paſſes through the city, and, about fourteen miles below, empties itſelf into the 
ſea, which waſhes the coaſt from the NN. W. round by the E. to the S.; diſtant 
from the city-at different places from fix to ſixteen miles, 
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tions : to thoſe who make them, the reſult of theſe experiments 
may be of ſome uſe. If convenient opportunity offered, I 
ſhould be glad, by the affiſtance of friends, to try the local 
difference of heat and cold in more diſtant, as well as more 
elevated, ſituations. 

By experiments of this kind it may poſtibly in fone mea- 
ſure be found, how far evaporations from the earth, at certain 
times, or vapours aſcending, deſcending; or meeting, in dif- 
ferent parts of the atmoſphere, may increaſe or diminiſh the 
heat of the air in thoſe places: or whether different degrees 
of heat and cold (ſubject however to change) may not be found 
in different ſtrata of air, or vapour, floating in different parts 
of the atmoſphere ; or in what degree and proportion, the cold 
increaſes at different altitudes and in different ſeaſons of the 
year: whether the cold, which is known to be very intenſe in 
the ſummer time on the tops of high mountains, receives a 
proportional. increaſe, or be not leſs ſubject to variety by the 
return of winter and ſummer, night and day, than what we 


experience in the plains below. 
March 10, 1784. e JAMES SIX. 


Vol. LXXIV. 


Clear all day; wind W. and. W. ; bar. 29.8. 
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| «The greateſt daily variation of heat and cold in the atmoſphere, from the 4th to the - at of September, 
| v5 1 178 3, taken from three different ſtations, and compared together. One thermometer placed on a 
tower in Canterbury, 220 feet from the ground; another at the bottom of the ſame tower, 110; and a 


1e. 1 


. third 1 in a garden, about ſix feet from the ground. N. B. The nocturnal degrees of cold belong to the 
IL he immediately preceding the day to the date of which they are placed. 
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The greateſt daily variation of heat and cold in the atmoſphere, from the 4th to the pn” of September, | 
i ; 178 3, taken from three different. ſtations, and compared together. One thermometer placed on a 
tower in Canterbury, 220 feet from the ground; another at the bottom of the ſame tower, 110; and a 
oy in a garden, about ſix feet from the ground. N. B. The nocturnal degrees of cold belong to the 


. immediately preceding the day to the date of which they are placed. 
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XXX1 II. Account of ſome Obſervation tending to invefligate the 
Confiruttion of the Heaven. * William Herſchel, Ef. 
F. R. S. | 


Read June 17, 1 784. 


N a former paper I mentioned, that a. more powerful in- 
ſtrument was preparing for continuing my reviews of the 
heavens. The teleſcope I have lately completed, though far 
inferior in ſize to the one I had undertaken to conſtruct when 
that paper was written, is of the Newtonian form, the object 
ſpeculum being of 20 feet focal length, and its aperture 18.7. 
inches. The apparatus on which it is mounted is contrived ſo 
as at preſent to confine the inſtrument to a meridional ſituation, 
and by its motions to give the right- aſcenſion and declination 
of a celeſtial object in a coarſe way; which, however, is ſuf- 
ficiently accurate to point out the place of the object, ſo that it 
may be found again. It will not be neceſſary to enter into a 
more particular deſcription of the apparatus, fince the account 
I have now the honour of communicating to the Royal Society 
regards rather the performance of the teleſcope than its con- 
ſtruction. 

It would, perhaps, have been more eligible to have waited 
longer, in 3 * to complete the diſcoveries that ſeem to lie 
within the reach of this inſtrument, and are already, in ſome 
reſpects, pointed out to me by it. By taking more time I 


ould undoubtedly be enabled to ſpeak more confidently of the 
L 113 . interior 


k : 
3 
| 


which this paper can as yet only give a few outlines, ot rather 
hints. As an apology, however, for this prematurity, it may 


of the fixed ſtars even then plainly ſuggeſted to us, and would 


© + 
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interior conſtruction of the heavens, and its various nebulous 4 
fidereal firata (to borrow a term from the natural hiſtorian) of 


be ſaid, that the end of all diſcoveries being” communication, 
we can never be too ready 1n giving facts and obſervations, 
whatever we may be in reaſoning upon them. 

Hitherto the ſidereal heavens have, not inadequately for the 
purpoſe deſigned, been repreſented by the concave ſurface of a 
ſphere, in the center of which the eye of an obſerver might 
be ſuppoſed to be placed. It is true, the various magnitudes 


2 2 — K 


have better ſuited the idea of an expanded firmament of three 
dimenſions; but the obſervations upon which I am now going 
to enter ſtill farther illuſtrate and enforce the neceſſity of con- 
ſidering the heavens in this point of view. In future, there- 
fore, we ſhall look upon thoſe regions into which we may 
now penetrate by means of ſuch large teleſcopes, as a natu- 
raliſt regards a rich extent of ground or chain of mountains, 
containing ftrata variouſly inclined and directed, as well as 
conſiſting of very different materials. A ſurface of a globe or 
map, therefore, will but ill delineate the interior parts of the 
heavens. 

It may well be ied; that the great advantage of a large 
aperture would be moſt ſenſibly perceived with all thoſe objects 
that require much light, ſuch as the very ſmall and immenſely 
diſtant fixed ſtars, the very faint nebulz, the cloſe and com- 
preſſed cluſters of ſtars, and the remote planets. 

On applying the teleſcope to a part of the via lactea, 1 found 
that it completely reſolved the whole whitiſh appearance into 


{mall ſtars, which my former teleſcopes had not hght enough 
3 | 2 to 
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to cet,” The portion of this: extenſive tract, "which it has 
hitherto been convenient for me to obſerve, is that immediately 
about the hand and club of Orion.” The glorious multitude 
of ſtars of all poſſible ſizes that preſented themſelves here to 
my view was truly aſtoniſhing ; but, as the dazzling brightriels 


number greater than it really is, I endeavoured to aſcertain this 
point by counting many fields, and computing, from a mean 
of them, what a certain given portion of the 'milky way 
might contan!. Among many trials of this fort I found, laſt 
January the 18th, that fix fields, promiſcuouſly taken, con- 


nutes of 2 great circle for the diameter of my field of view, we 
gather, that a belt of 15 degrees long and two broad, or the 


fifty thouſand ftars, that were large enough to be diſtinctly 


and then by faint glittering and interrupted glimpſes. 
The excellent collection of nebulæ and duſters of ſtars 


1783 and 1784, leads me next to a ſubject which, indeed, 
muſt open a new view of the heavens. As ſoon as the firſt of 
theſe volumes came to my hands, I applied my former 20. feet 


greateſt pleaſure, that moſt of the nebulæ, which I had an 
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of glittering ſtars may eaſily miſlead us ſo far as to eſtimate their 


tained 110, 60, 79, go, 70, and 74 ſtars each. I then tried 
to pick out the moſt vacant place that was to be found in that 


neighbourhood, and counted 63 ſtars. A mean of the firſt 
ſix gives 79 ſtars for each field. Hence, by allowing 15 mi- 


quantity which I have often ſeen paſs through the field of my 
teleſcope in one hour's time, could not well contain leſs than 


numbered. But, befides theſe, I ſuſpected at leaft twice as 
many more, which, for want of light, I could only ſee How 
which has lately been given in the Connoifſance des 7. emps for 


reflector of 12 inches aperture to them; and faw, with the 


opportunity of examining in proper ſituations, yielded to the 
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Mr.. Henscuzr.* $ Obfervations ar | 
forte of my light and power, and were reſolved into- ſtars; 
For inſtance, the 2d, $» 9, 10, 12, 13, 14, 155 16, 19, 22, 24, 


28, 30, 31, 37, $i» 52, 63, 53, 56, 62, 65, 66, 67, 71, 72, 


74. 92, all which are ſaid. to be nebula: without ſtars, have 
either plainly appeared to be nothing but ſtars, or at leaſt ta 
contain ſtars, and to ſhew every other indication of conſiſting 
of them entirely. I have examined them with a careful ſcru- 
tiny of various powers and light, and generally in the meri- 
dian. I ſhould mention, that five of the above, viz..the 16th, 


24, 37, 52, 67, are called eluſters of ſtars, containing nebulo- 


ſity; but my inſtrument reſolving alſo that portion of them 
which is called nebulous into ſtars of a much ſmaller ſize, I. 
haye placed them into the above number. To theſe may be 
added the 1ſt, 3d, 27, 33, 57, 79, 81, 82, 101, which in my. 
7, 10, and 1 reflectors ſhewed a mottled kind of nebulo - 
fity, which I ſhall call reſolvable; fo that Lexpect my preſent. 
teleſcope will, perhaps, render the ſtars viſible of which. I 
ſuppoſe them to be compoſed. Here I might point out many 


precautions neceflary to be taken with the very beſt inſtruments, 


in order to ſucceed in the reſolution of the moſt difficult of 
them; but reſerving this at preſent too extenſive ſubject for a 
future opportunity, I proceed to ſpeak of the effects of my laſt: 
inſtrument with regard to nebulæ. 

My preſent purſuits,. as I obſerved. 8 requiring. this- 
teleſcope to act as a fixed inſtrument, I-found it not convenient 
to apply it to any other of the nebulæ in the. Conno: iſance des 
Temps but ſuch as came in turn; nor, indeed, was it neceſſary 
to take any particular pains to look for them, it being utterly 
impoſſible that any one of them ſhould eſcape my obſeryation 
when it paſſed the field of view of my teleſcope. The few which 


Y have already had an opportunity of examining, ſhew plaiuly that 


I | thoſe. 
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thoſe moſt excellentFrench aſtronomers, Meſſ. Messina and M- 
CHAIN, ſaw only the more luminous part of their nebule; 
the feeble ſhape of the remainder, for want of hght, eſcaping 
their notice; The difference will appear when we compare 
my obſervation of the g8th nebula witly that in the Connojſance 
des Temps for 1784, which runs thus: Nebuleuſe ſans etoile, 
% Pune lumiere extremement foible, au deſſus de Vaile bortale' 
« de la Vierge, ſur le parallele et pres de 1'#toile Ne 6. cin- 
« quieme grandeur, de la chevelure de Berenice, ſuivant 
« FLAMSTEED. M. Macualx la vit le 15 Mars, 1781.“ 
My obfervation of the zoth of December, 1783, is thus: A 
large, extended, fine nebula. Its ſituation ſnews it to be M. 
Mess1tx's 98th; but from the deſeription i it appears, that that 
gentleman has not ſeen the whole of it, for its feeble branches 
extend above a quarter of a degree, of which no notice is taken. 
Near the middle of it are a few ſtars viſible, and more ſuſpected 
My. field of view will not quite take. i in the whole nebula. See 
fig. 1. tab. XVII. Again, N 5 3: © Neébuleuſe ſans etbiles,; 

«« decouverte au- deſſous et pres de la chevelure de Berenice,-& 
15 peu de diftarice de Petoile quarante-deuxieme de cette conſtel- 
«6 lation, ſuivant FLAMsSTEED. . Cette nebuleuſe eſt ronde et 
oy appatente, &c.“ My obſervation of the 170th! Sweep runs» 
thus: A cluſter of very cloſe'ſtars; one of the moſt beautiful 
objects F remember to have ſeen in the heavens. The cluſter 
appears under the fortn of a ſolid ball, conſiſting of ſmall ſtars, 
quite” coiripreſied into one blaze of light, with a great number: 
of looſe ones ſurrounding | it, and nity" rr in the tows 
ral mats.” See fig. 2. e $gG-41 1111 
When I began my preſent ſeries of Warn 1 ſurtniled; 


that ſeveral nebulz might yet remain undiſcovered; for want 
of ſufficcht hghe to detect them; and was, * in hopes 
8 of 


| Me, Hessens Obfervatioy, on. 
of: making .2-valgable additign to. che cluftars.gf tary, 8 8 

bula already collected and given us in the work before, re 75d. 
to, which amount to 103. The event bag BRAY, proved, 
that my expectations were well founded; for I have already 
found 466 new eder ped cluſters, of ftars, none of which, 
e by any perſon ; ; 
* ahem... indeed.” are. _ within the reach of the, beſt, 
common teleſcopes now in uſe. In all probability many more 
are ſtill in reſerve; and pi I am purſuing this, track, 1 ſhall, 
make them up into ſeparate, catalogues, of about two. or three, 


9 


hundred at a time, and have the bonour of preſenting them. in 
that form to the Royal Society,. . 
A very remarkable circumſtance attendin 7 the 2 and 
W of ſtars is, that they are arran ged into, ſtrata, which 
ſeem to run on to a great length; aud 1 of them, I have 
already been able to purſue, fo as to gueſs pretty well at their 
form and direction. It is probable enough, that they may ſur- 
round the whole apparent ſphere of the heavens, not unlike 
the.milky way, which undoubtedly is nothing but a,ſtratuma« of, 
fixed ſtars. And as this latter immenſe: ſtarry bed is not of. 
equal breadth or luſtre in every part, nor runs on in one ſtraight 
direction, but is curved and even divided into two ſtreams. 
along a very conſiderable portion of it; we may likewiſe expect 
the greateſt variety in the ſtrata of the cluſters of ſtars and ne- 
bulæ. One of theſe nebulous beds is ſo rich, that, in paſſing h 


through a ſection of it, in We time of 2 36 minutes, 1 
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fine blue ſky. Their *. = 3 as well as condition, | 
ſeems to denote the greateſt variety imaginable. In another 
ſtratum, or perhaps a, different, branch of the former, 1 have 


een double and treble nebulæ, - variouſly arranged; ; large Lives 
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with ſmall, ſeeming 3 dane HE Uh exterided! 
lucid nebulæ or bright daſhes; ſome af the hape of 2 fan, res 
ſembling an electrie bruſh, ifſuing from a lucid point f othiers 
of the cometic ſhape, with a ſeeming nucleus in the center: 
or like cloudy ſtars, ſurrounded with a nebulous atmoſphere ; a 
different ſort again contain a nebulofity of the milky kind, like 
that wonderful, inexplicable phenomenon about 89 Orionis ; 
while others thine with a fainter, mottled kind of light, which 
denotes their being reſolvable into ſtars. See fig. 3. &c. But it 
would be too extenſive at preſent to enter more minutely into 
ſuch circumſtances, therefore I proceed with the ſubject. of nee 
bulous and fidereal ſtrata, 
- It is very probable, that the great r called the cnilley 
way, is that in which the ſun is placed, though perhaps not in 
the very center of its thickneſs. We gather this from the 
appearance of the Galaxy, which ſeems to encompaſs the whole 
heavens, as it certainly muſt do if the ſun is within the ſame; 
For, ſuppoſe à number of ſtars arranged between two: parallel 
planes, indefinitely extended every way, but at a given conſi- 
derable / diſtance from each other; and, calling this a fidereal 
ſtratum, an eye placed ſomewhere within it will ſee all the 
ſtars in the direction of the planes of the ſtratum projected 
into a great circle, which will appear lucid on account of the 
accumulation of the ſtars; while the reſt of the heavens, at 
the ſides, will only ſeem to be ſcattered over with conſtella- 
tions; more or leſs crowded, according to the diſtance of the 
planes or number of Nurs contained i m the 2 or ſides of 
Thus, in fig. 16. (tab. XVIII. 0 an eye at S within the a 
ab, will ſee the ſtars in the direction of its length «6b, or height 
c d, with all thoſe in the intermediate ſituations, projected into the 
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_ | ſeparation from the cirele CBD, unites with it again as P 
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luci circle AB while thoſe: in the ſides m u, 710 will be 
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I the eye were placed ſomewhere without the — at 
no; very great diſtante, the appearance of the ſtars within it 
would aſſum the forim of one of the leſs circles of the ſphere, 
which would the more ur leſs contracted to the diſtance of the 
eye and i this diſtanen were exceedingly increaſed, the whole 
fratum might at laſt be drawn together into a lucid ſpot of any 
ſhape, according to the __ * and _ of the 
ſtratu m. 

Let us now oppoſe, hk a WY or amalle n 
mould run out from the former, in a certain direction, and let 
it alſo bo contained between two parallel planes extended inde- 
finitely onwards, but fo that the eye may be placed in the great 
ſtratum formewhere before the ſeparation, and not far from the 
place where the-ſtrata are ſtill united. Then will this ſecand 
ſtratum not be projected into a bright circle like the former, hut 
will be ſeen. as a lucid branch proceeding from the firſt, aud 

ö * to it agai at a certain diſtance leſs than a ſemi-cirele. 
Thus, in the fiime figure; the ſtars in the ſmall ſtratum pg 
weill be projected into a bright arch at PRRP, which, after ite 


What has been inſtanced in patallel planes may caſily be ap- 
plied to ſtrata irregularly bounded, and running in various diredy 
Bons for thæir projections will of conſequence vary accarding 
ts the quantities of the variations in the ſtrata and the diſtance 
of the eye from the fame. And thus any kind of. curvatures, 
as well as vanious different E's of hae 1 be — 
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Fung apptarazices. then, as I obſerved before, We. ma; tyler 
chat the fav is rhoſt likely placed in one of ther great ſtrata of 
tho Hixod Kar, and very: probably.not far from. the place Nhere 


ſome ſmaller ſtratum branches out from it. Such a ſuppoſition 
will ſatsfaQonly, and with great ſimplicity, account for all 


the phænomena of the milky way, which, according to this 
hypotheſis, is no other than the appearance of the projection of 
the ſtars contained in this ſtratum and its ſecondary branch. 

As a farther inducement to look on tlie Galaxy i in this point of 
view, let it be conſidered, that we can no longer doubt of its 
whitiſh appearance ariſing from the mixed luſtre of the num- 
berleſs ſtats that compoſe it. Now; ſhould we-imagine it to 
be an irregular ring of ſtars, in the center nearly of which we 
muſt then ſuppoſe the fun to be placed, it will peat not a 
little extraordinary, that the ſun, being à fixed ſtat like thoſe 
which compoſe | this imagined ring, ſhould juſt be in the center 
of ſuch a multitude of celeſtial bodies, without arly apparent 
reaſon' for this ſingular diſtinction; whereas, on of ppoſi- 
tion, every ſtar in this ſtratum, not very near the termination | 
of its length or height, will be fo placed as alſo to have its 
own Galaxy, with orily fuch variations in the form and luſtre 
of it, as may ariſe from the particular fituation of each ſtar. 

_ + Patious methods may be purſued. to core to a full knaw- 
ledge of the ſun's place in the ſidereal ſtratum, of which I 
mall only mention one as the moſt general and moſt proper for 
determining this 3 important point, and which I have already 
begun to put in practice. I call it Gaging the Heavens, or the 
Star-Gage. . It conſiſts in repeatedly taking the number of ſtars 
in ten fields of view of my reflector very near each other; and 
by adding their ſums, and cutting off one decimal on the right, 
a mean of the contents of the heavens, in all the ** which 
* Mmmz 1 85 are 
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are thus gaged, is obtained. By way of example; I have joine a 
ſhort table, extracted from the gages contained in 2 


by which it appears, that the number of ſtars. i 


A 


f 
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Thus, in 8 . 92 to 94, degrees 5 
polar diftance, | and R. A. 15 h. 10ʃ, the ſtar-gage runs up 
from g. 4 ſtars iv the field to 18.6 in about an hour and a half; 
whereas in the Parallel from ry to 80⁰ north polar diſtaneg, 
And R. Be 31, 12, 13, and 14 hours, . it very ſeldom 
riſes ; above 4. . are, however, to remember — * 


ſun in a ſtratum of = For, let ab 985 17. be the ſtratum, and 
ſuppoſe the ſmall circle ghlkto — the ſpace ĩnto which, 
by the hght and power of a given teleſcope, we may pene· 
trate; and let GHLLK. be the extent of another portion, which 
we are enabled to viſit by means of a larger aperture and power; 
it is evident, that the gages with the latter inſtrument will 
differ very much in their account of ſtars contained at MN, 
and at KG or LH; when with the former they will hardly be 
affected by the change from mn tot gor 15. And this accounts 


for what a celebrated author ſays concerning the effects of tele- 
| 


ſcopes, 


N the Conflratttvn of 5 n 
ſeopes, by which. -we muſt underſtand the. beſt of thoſe | that 
pre: in common uſe 0 5 5 e 

10 | Iexroold une be ſafe tyentor into an application of theſe, a 
ſuch other gages as I have already taken, till they are ſuffi- 
ciently continyed and carried all over the heavens. - I ſhall, 
therefore, content myſelf with juſt mentioning that the fitua- 
tion of the ſun will be obtained, from conſidering in what 


wo] 


n ſeveral directions about an aſſumed point, and cut olf by the 
bounds of the ſtratum, Thus, in fig. 18. let S be te ploy of of 
en obſeryer ; Srxr, Sr, lines in the planes r S r. IS r, drawn 
from S within the ſtratum to one of the boundaries, here ge· 
preſented by the plane AB. Then, ſince neither t the fitua — 
of S, nor the form of the limiting ſurface, AB, j is given, we 
are to aflume 2 point, and apply to it lines proportional. to th 

ſeveral gages that have been obtained, aud, at ſuch. angles 
from-cach other as they may point e out; then 1 will bag ad or 
pation of theſe lines delineate. the boundary of. the ftra atum, 
and conſequently; manifeſt, the Gruation 225 the + fun within. the 


» 88 710%, 


fame. But to proceed Ae 5 041 8 285 
If the ſun ſhould be placed in the great fidereal ſtra ſtratum. of 
the milky way. and, as we have ſurmiſed above, not far from 


On voit avec les ee * teciles | Gates toutes + les parties du ciel, 4 peu 
pres comme dans ia voie lace, ou dans les n&buleuſes. On ne ſauroit douter 
qu'une partie de Feclat et de la blancheur de la voic. latte, ne provienne de la 
lumière des petites Exoiles qui sy trouvent en effet par millions ; cependant, avec 
les phas grands teleſcopes, on n'en diſtingue pas aſſes, et elles n'y ſont. pas aſſes 


rapprochees les unes des autres pour qu'on puiſſe | attribuer 2 celles qu'on diſtingue 
la blancheur de la voie lactee, fi ſenfible à la vue fimple. Lon ne fauroit done 


prononeer que les Etoiles ſoient la ſeule cauſe de cette blancheur, quoique nous ne 


* 
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panner the ſtar-gage agrees with the length of à ray revolving 


copnoiſfions aucune MMABitre s SURG * Vexpliquer. | ak M. * Laxps, 
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wy ih 


bow it any 


Wlar thotloh fre alfs to fi 
thb fung for the apex there 


Aide; the Joitiing Arituni' raking a pretey karge angle at the 
—— ef a ſtat in the tert ſtratum, elfe 


Khiifiderably towards” the ſide fartheft from 4 fmall ftratum, 
Hill be türned fufficiently but of the Keraighit direction of che 


Ras 


min bur. ſugg 


among: ſtars of a: certain :confiderable ſize, and but ſeldom 


grperal'y found ſeveral more in the neighbourhood ; : that after 


| 1 eee 1 
übe bnfchiäg a MMof t ſtebfidufy ſtitum, it wil} very. nag 
rally lead us to gueſs: at 'the :cauſe -of the probable motion of 
the folir fy Red Foie 465" bght, / great höde of the Via 
Thats, ; Or utſion bf the two ſtrata about Cepheus and Caſfiopeia 
Sebrrien and Sagitralkud peints dicks conflux of flats 
mittelt) quite füufffcient to bebifbn a tetidenicy' towards thit | 
fit fftusted at no very great ditancs; and [thi 
Abvndary Wege ofthis Gali net being ninth LeIs than 
Ammi-Cicele ſcetng te rüchente ſuch tuation er our folkr yfkem 
in che Freut undkvidech ſtrututii as che moſt pfobübe⸗:⸗ 
T4What has been Hat an 4 former paper on the? ſubject o the 
t this luppeſed fituafion” of 
Mgned lies nearly in the direckich 
fon Wwards the node of the Nrita. B 


St a Mptiotl bf tf 


Junction with ig one, it thay eaſily be admitted, "that 
eralty iF Brüsten 


eat ſtratum towards the ſecondary one. But 1 Hind myſel 
milidty led to Hy more on this fubje& that 1 am as Jet au- 
thoriſct to do; T'will, n return. W 3 ſervat 
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„ that i, ge⸗ 
— Fri — ä chan in others; 
chat the ſpares preceding them were generally quite deprived of 
their. ars, 92 as. Sten to. afford many fields without a fing le 


3340. 
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bulz generally, appeared ſame time after 


Iriong very {hall · ſtars ; that: when I came to one nebula, 1 


wards 


BY & FN N a 7 OR yy O- 


u- 
ns 


* 


„„ & ow» 


* 


ſcatteied between them, may hold good: in more diſtant por - 


ſtratum 1 ſhall call that of Cancer. It runs from 2 Cancri 


| wt bees f the Heaven” 
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witdþ a ebuſiderable time paſſed before I came to another par 
tel; and theſe events being often repeated in different altitudes 
of my inſtrument; and ſome of them at a conſiderable diſtance 
from each other, it oncurred to me, chat the intermediate 
ſpaces between the. fweeps might alſo contain nebulw d and 
finding this. to hold good more than once, 1 ventured to give 


notice to my aſſiſtant at: the clock, to prepare, ſince I ex- 
«pected in a few. minutes to come at a ſtratum of the nebulæ, 


finding myſelf; already (as I then figuratively expreſſed it) 
on nebulous ground. In this I ſueceeded immediately : ſo 
that I now can venture ta point out ſeveral not far diſtant 
places, where I ſhall ſoon carry my teleſcope, in expettation of 


meeting with many nebulæ. But how far theſe circumſtances 


ef vacant places. preceding and following the nebulaus ſtrata, 
and their being a it were coritained in a: bed of ſtars, ſparingly 


tions of the heavens, and which I have it yet bern ahle ta 


Vin in any regular manner, F ought. hy e means to harard a. 


ennjetture. The ſubject is new, and we muſt attend to ohſrr - 


| vations, . pn ent etc _— litera Riad ons 


apiniduns. 171 1 Zo mom a0 11 el 42 
Before I edaſchude;, 1 * n weiiture- to add a fete 
particulars about the direction of ſome of the capital ftrata or 
their branches. The well known nebula of Cancer, vifible to 
che naked eye, is probably one belonging to a certain ſtratum, 
in. which I fuppoſe it to be fo placed as to lie neareſt to us: This 


towards the fouth over the 67 nebula of the Connoiſance des 
Temps, which is a very beautiful aud pretty much compreſſed 
eluſter of ſtars, eaſily to be ſeen by any good teleſcope, and in 
which L have. obſerred above 200 ſtars at once in the field of 


1 VIEW. 
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430 ese ere -— = 
view of my great reflektor, with 2: power of — ; 
appearing' ſo pldiniy with any god, common teleſcopes, and 
being ſo near to the one which may be ſeen by the naked eye; 
denotes ĩt to be probably the next in diſtance to that within tha 
quartile formed by , d, 4, 83 from the 67th nebula the ſtratum 
of Cancer proceeds towards'the head of Hydra; u 
= yet had time to trace it farther than the equator,  ' © 4 
1 Another ſtratum, which perhaps approaches nearer to ahe 
1 5 ſolar ſyſtem than any of the reſt, and. whoſe ſituation: is nearly 
at rectangles to the great ſidereal ſtratum in which the ſun it 
placed, is tliat of Coma Berenices, as I ſhall call it. I ſuppoſe 
the Coma itſelf to be one of the cluſters in ĩt, and that, on ac · 
count of its nearneſs, it appears to be ſo ſcattered. It has 
many capital nebulæ very near it; and in all probability this 
ſtratum runs on à very corifiderable way. It may, perhaps, 
even make the circuit of the heavens, though very likely not 
in ons or̃ the great cireles of the ſphere: for, unleſs'it ſhould 
chance to interſe& the great ſidereal ſtratum of the milky way 
before-meationed, in the very place in which the. ſun is ſta» 
tioned, ſuch an appearance could hardly be produced. Hows- 
ever, if the ſtratum of Coma Berenices ſhould extend ſo far as 
(by taking in the aſſiſtance of M.'Mez12n's and M. Mecuain's | 
excellent obſervations of ſcattered nebulz, and ſome detached 
former obſervations of my own) I apprehend it may, the di- 
tection of it towards the north lies probably, with ſome winds 
ings, through the great Bear'6gwards to Cafliopeia ; thence 
th pgh the girdle of Andromeda and the northern Fiſh, pro- 
towards Cetus ; while towards the ſouth it paſſes 
ents the Virgin, probably on to the tail of Hydra and the 
head of Centaurus. But, notwithſtanding I have already fully 


aſcertained the exiſtence and direction of this ſtrat um for more 
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the Conflruftion of the Heavens, 45 
than 30 degrees of a great circle, and found it almoſt every 
where equally rich in fine nebulz, it ſtill might be dangerous 
to proceed in more extenſive conjectures, that have as yet no 
more than a precarious foundation. I ſhall therefore wait till the 
obſervations 1 in which I am at preſent engaged ſhall furniſh me 
with proper materials for the diſquiſition of ſd new a ſuhject. 
And though my fingle endeavours ſhould not fucceed' in a 
work that ſeems to require the joint effort of every aſtronomer, 
yet ſo much we may venture to A p19 that, by applying our- 
ſelves with all our powers' ts the improvement of teleſcopes, 
which I look upon as yet in their infant ſtate, and turning 
them with affiduity to the ſtudy of the heavens, we ſhall in 
time obtain - ſome faint knowledge of, and perhaps be able 
partly to delineate, the Interior Conſtruftion of the Univerſe. . 
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P6306 2 received from my correſpondent Mr. Davm- 
SON, ſurgeon, in the iſland of St. Lucia, ſome Bark, 
the product of that iſland, which is faid to poſſeſs the virtues 
of the Jeſuit's Bark, and in a much ſmaller dofe, I ſhall 
eſteem it a favour if you will lay before the Royal Society the 
ſpecimen which I have ſent to you with this letter, together 
with Mr. Davipsox's accoupe, * * if you * they me- 


Jn 
nit that honour. 3 


I have examined{the FE ES mens very carefully. They 
are not ſo well preſerred as E Sala with ; but I have ſince ſeen 
much finer in the poſſeſſion of Sir Joszen Banxs, who has 
done me the honour to favour me with the following character, 
as moſt diſtinctive of it from the other ſpecies of Cinchona 


already deſcribed, which he gave me an opportunity of 
examining. 


It 


1 TA S 
fi 7 "m2 'S 6 is 


Mr. Dxvimox's Hatun &c. 455 

IR is undoubtedly 2 a Cinchona, but not the Cinchotia dffics2? 
nalis of Lixx aus; for it differs from it effentially 1 in its bak 
in ſeveral particulars. It has an emetic quality not commbn to- 
the true bark, breaks more woody and ſplintery, and is far 
more nauſeous to the taſte. Its decoction is 6f à dull Bur- 
gundy colour; and its extract reſembles mbre the bitter of 
Gentian than that of the Quinquina. I have procured four 
| ounces of it from half a pound of the Bark boiled | in wane” 
1 and herewith ſend to you'a ſmall ſpecimen. 

The drawings, which accompany this letter, are 1128 co- 
pies of the ſpecimens which I received; I therefore hope they 


will not bo thought canoe Sib the acceptatice of the ws; ood 
Society. 


I have the — to be, &c. 


Henrietta -ſtreet, Nov. 6, 1783. 1 WILSON. 
Botanic character af the Bark-Tree of St. Lucia. 


9 Cinchona floribus dens glabris; ; lacinus linearibus, 
1 tubo 663 ſtaminibus exſertis; foliis ellipticis, glabris.” 


Extract of a Leiter from Mr. Groxcs DavinsoN, dated St. 
Lucia, July 15, 1783. 


IT is now about four years ſince Mr. ALEXANDER 

It ANDERSON diſcovered in the woods, near the Grand Cul de 
Sac, ſome trees reſembling, in the botanical characters, the 
Nansz true 


494% Mr. Da vrbson's Aenne , 
true Dee Laus. He brought the back; flowers, 
and ſeeds, to Dr. Young of the General Hoſpital, and trial 
was made af it there; but not being ſufficiently dried, 1 its ſtrom 
emetic and purgative qualities preyented its exhibition | 

The publication of Dr. SaunDers, which I minds about 
two months ago, mentioning the introduction of a ſpecies of 
bark of a redder colour, and poſſeſſing greater. powers than 
the bark formerly in uſe, induced us here to try the bark of 
this country. Dr. Vouxe had by him ſome that was col- 
lected in General GranT's time: on account of the length of 
time it had been kept, and its being ſufficiently dried, he has 
met with all the ſucceſs he could with. _ 

It is manifeſtly more aftringent than the bark, and the bitter 
is Iikewiſe more durable on the palate. 

Hitherto I have generally uſed the cold ĩnfuſion, either in 
lime or ſimple water, in the proportion of one ounce to three 
pints of the water. I have likewiſe given it in ſubſtance from 
twenty to thirty grains but never exceeded the laſt quantity, 
for I never ound the ſtomach able to. retain more than wanty 
grains. 

Joined with the Canella alba, it forms une agreeable 
and eleganf tincture. I have made a tincture from the ſeeds, 
which are nn ſtronger in taſte than the bark itſelf. 


GEO. DAV LDS On. 


(Signed), 


* 4. 7 
5 A. 2 


Mr. George Davidſon' s account of the Birk-Tree of t1 the 2 


_ of St. Lucia. 


THE Bark-Tree of this iſland is DO about the fize of the 


cherry-tree, ſeldom thicker than the thigh, and tolerably 
ſtraight ; the wood is light and porous, without any of the: 
bitterneſs and aſtringency of the bark itſelf. 
It delights in a ſhady fituation, the north-weſt aſpect of 
hills, under larger trees; and 1s generally to be found: about 
the middle of an hal, near ſome running water. 
The leaves are large, oblong, oppoſite, and plain, preſerving; 
(as well as the flowers and ſeeds) the bitter taſte of the bark. 
In the beginning of the rainy ſeaſon (June), the tree puts 
forth its flowers in ſmall tufts; at firſt they are white, but 


with a ſingle ſtyle. The germen is oblong, bilecular, and 
furrowed on each fide. The ſeeds are many, and of the winged: 
kind. The corolla is mongpetalous,, with. its mouth * 
into five lon 0 ſegments. 

The ſoil in general where it grows is a ſtiff red clay. The 
bark itſelf is of a lighter red than that ſent out here to the 


hoſpital under the name of red bark. It inclines more to the 


colour of cinnamon. The bitterneſs and aſtringency appear toy 
be greater than in either of the other barks. 
I apprehend, the proper ſeaſon for obtaining it is > about the 


month of March, before the flowers come out: after expe- 


rience will beſt determine this. 

Infuſed in cold water, in which form, or in lime-water; I 

generally uſe it, it forms a very red tincture, poſſeſſing the: 
3 1 bditterneſs 


| . | | 
a neu . * W C 
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afterwards turn purpliſh. The ſtamina are five in number, 


| 


_ 1 Neisse Me g Ee 
bitterneſs and aſtringeney of the bark very ſtrongly. A few 


drops of the Tinctura florum martialium give it it PING Nac ack. 


colour, and occaſion a copious depoſition of a black ſediment. 
It does the ſame with the ſpirituous tincture. 


With ſpirits it forms A beautiful red tincture. Ae Kür 


Explanation of the references tab. XIX. f 


* # p 


A. A branch of the Cinchona of St Lucia, with the flowers 
not yet opened. 
B. The entire ſeed.veſſels. 9 2 

C. A ſeod · veſſel . | 
D. One of the ſeeds, of its natural fins. Þ | 
E. The ſame magnified. 1116 | * 
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18, 178. 3». ? made on Hewit Common near York. nn a Leiter 
From Nathaniel Pigott, Eg. F. R. S. to the Reverend Neun 
. Maſkelyne, D. D. F. . . and Afronmer oo 
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 REVEREND: Wo; 9101-5113 Torx, Od. 18. Wy 


JN the 19th of laſt Aus oft I —— to you an ac- 
count of the remarkably fine metèor, "Which I had ſeen 
under circumſtances peculiarly favourable the preceding night. 
T was then preparing myſelf for a journey into the Eaſt Riding; 
and, on that account, obliged to poſtpone the rerifications, 
mentioned, hereafter, till my return. 8 4 


On the 18th of Auguſt, about ten 0 clock P. M. after a hot 
* 5 the weat er a little hazy, but not fo as to obliterate the 
ſtars, and no wind, being on horſeback, in company with two: 
other gentlemen, e | n Hewit Common, about three miles from 
Vork, my attention was attracted towards the W. N. W. by ſeveral 
faint flaſhes of light ning, ſuch as are often ſeen near the Horizon, 
or which may be {fill better compared to flaſhes of an aurora 
borealis. Soon after which I perceived ſome luminous matter 
in motion,. and collecting together from ſeveral directions, fig: 
1. (tab. XX.) which immediately taking fire preſented itſelf under 
the form of a ball, of ſo vivid a brightneſs, that the whole 


horizon, was illuminated, ſo that the ſmalleſt object might 
2 | have. 


gan to move, with an eaſy ſliding motion, from W. N. W. 


a I. Plcottts Arcount of 
have been ſeen on the ground. This ball, when formed, be- 


towards the S. S. E. It ſuggeſted the idea of a. highly brilliant 
comet, emitting 3 train or tail, but of a different colour. from 
the ball itſelf, this laſt: being of a+ moſt brilliant bluiſh white, 
and the tail of a duſky red, the length of which appeared to 
extend over fifteen or more degrees of the heavens, fig. 2. 
The apparent diameter of the nucleus ſeemed one-third or one- 


fourth of the full moon $ diameter. , The greateſt difficulty, in 


this eſtimation hence ariſes, that I cannot, notwithſtanding all 


my endeavours, repreſent in my mind the moon otherwiſe 
than as a plane or diſk; nor the meteor, than as a ſpherical body. 
The altitude of it, when it formed in the W.N.W. was about 
30%; and about 190 or 20e above the horizon, when it became 
extinct in the S. S. E. a few ſparks of the tail, neareſt the 
nucleus, ſcattering themſelves much in the ſame manner as. 
thoſe of a ſky-rocket when burnt out, fig. 3. 

It has been ſaid, that the ball divided itſelf into three or 


four parts before its extinction. To me it appeared to vaniſh 


or gently die away: what confirms me in the opinion, that it did 


not divide, is, that the three or four ſcattering parts above- men- 
tioned were not of the bright colour of the ball itſelf, but of 


the duſky red which the tail invariably ſhewed. The interval 


of time from the meteor's formation to its extinction was 
nearly twenty ſeconds, perhaps two or three ſeconds leſs. The 
long habit I have of counting ſeconds in aſtronomical ob- 
ſervations induces me to think this quantity may be relied on; 
and this I mention, becauſe ſome have eſtimated it more, ſome 
leſs. Nine or ten minutes after its diſſipation, I heard a noiſe, 
much reſembling the report of a cannon at a very great diſ- 


tance; but I would not wiſh to have it underſtood, that 1 
ſpeak 
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ſpeak t to this laſt interval with the ſame certainty as to the 
other; if, however, it be exact, and ſuppoſing ſound to move 
1106 feet in one ſecond- of time, and the fame in the upper 
regions of the atmoſphere. as here below, which, however, 
may be very different, its diſtance from me, at its extinction, 
muſt have been about 1 20 miles, and its 6 altitude 
above the earth's ſurface about 40 miles. 
e. I have added a ſcheme and a ſmall ſketch, preſuming by 
that means to convey a clearer idea of what I ſaw. The alti- 
tudes, azimuths, &c. are not merely from eſtimation. After 
my return from the Eaſt Riding, I went to the very ſpot, where 
* had ſeen the meteor on the 18th of Auguſt. The road, as 
at in the ſcheme, being exactly ſtraight from my ſtation, 'both 
towards and from York, no miſtake can ariſe in that reſpect. 
With all the circumſtances clearly and forcibly impreſſed on 
my mind, I watched till fome remarkable ſpot in the ſky pre- 
ſented itſelf at the fame place in which I had ſeen the meteor 
itſelf form, croſs the road, vanith, &c. : then, with a theo- 
dolite, I took the ſeveral bearings, which may be the more 
relied on, as I repeated the operations three different times, on 
different ſpots, which agree ſurpriſingly well for meaſures 
where no minute exactneſs can be expected. I have marked 
minutes in the ſcheme, becauſe the reſults gave them, without 
r pretenſion to fuch nicety. 


| Tam, &c. 


4 @ OG ke ry 


NATH. PIGOTT. 


CY 


Vor. LXXIV. | Ooe 


5 26 1 81 81 Þ- 0 JAB Gi kat ; 
. \ "3 "HT - 0 — $ * 'F . | 4 | 9 ng | 
vy 7 88 1 3 9 L vie) #13 # "4; 4 — 1 | Ral 81011 81 ” 7,014.3 


1 » ö e % 5 * ” | * 9 : 4 f : | : 
{MI} C3 net ee u! Pa 8 Durs x 4 e 75766 41 121 1 ** 


- 


- 
T4 3047 111 71 gb 8147 908 : 11 (2 fir 7 


S | 


ben Gees da of a the "3 7 a. Irie 18 
„ heme w_ 16: the, A. Nevil ee, * D. 


i 100 | fi 2 11116, , 3713 
| ET * 18 r ' 1 
dir rg 19" it & Bfik t. E babbgrogvi;..i. 
718 Read __ 24z 1784 02 208977 incl: 
- +5, bsc mon vom lors; mw» gar 1 
_— * « | 241 475 f ! &P 
| * e If, 5 £ York, bee rr, 1783, 
7 © | ; 


TAYING complentef my Arran of the comet I 
diſcovered on the 19th af N ovemher laſt, 1 take the 
liberty of defiring . you to preſent | them to the Royal Society. 
The faintneſs of rhe comet 8 light, and the unfavourable ſky 
you have had i in the ſouth, mduce me to believe, that few 
obſervations of it have den made belides the wollowing., +, 


nn — 
EI „ 72 F145 


"Roam Oreateſt erro 
ee b each B. 4 


1 1 1 N 47 — . 4 1 


]Longirude Latitude, 


4191987 (#2 448 | 
In Alt + oy di 
I FI; 4 52 ; 
. 
14247 423 N 
The R. 'A*s of November 20th, 24th, and 26th, were de- 
duced from obſervations made at the tranfit inſtrument : the 
others, except the firſt, were "determined with an excellent 23 
feet night-glaſs, made by DoLLoND, magnifying 20 times, 
having croſs wires at right angles in its focus, which were 
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viſible. without. being illuminated. With this inſtrument the 
2 5 880 by the common method,” was cotapared to ſtars in the 
Id of the tetefcope, and within four minutes on the fame 
— illel.. The places of thoſe ſtars were afterwards, ſettled 
with the tmeridian inſtruments. As ſometimes ſeveral ſtars 
were obſerved, I eaſily found to what degree of certainty thoſe 
obſervations might be depended on, which I have marked with 
the above refults. The declinations, I think, cannot err two 
minutes, being compared to ſtars within four minutes on the 
ſame parallel. The three of November roth, 24th, and 26th, 
were taken with the tranfit inftrument by comparing the comet 
to the neateft ſtars. I was much chagtined in not being able 
to ſee the comet in our equatolial when the wires were illu- 
minated. | 

The comet had exactly the appearance of a nebula: 
its light was ſo faint that it could nor be ſeen in a 


good opera glaſs. In the night-teleſcope the nucleus was 


ſcarcely viſible, and the diameter of the ſurrounding coma 
was about three minutes of a degree. Between the 19th and 
26th of November, I thought it Rad rather diminiſhed in 
brightneſs. December the itt and 3d it was very difficult to 
b its little, elevation above the 
horizon. Between Decëm er the 3d and roth, the comet was 
entirely effaced by the increaſed light of the Moon. On the 
ioth, the moon being in the horizon. did not obliterate ſtars of 
the eighth or ninth magnitude; but I could not find the comet. 
The following obſervations were made by my friend Mr. Joun 
(3OODRICKE. 
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XXXVII Experiments on mixing Gold with Tin. In a Letter 


from Mr. Staneſby Alchorne, of his Majefly's Mint, to Peter 
Woulfe, Eſq. F. R. S. 
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_ © Read June 24, 1794. 
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yu know it is a generally received opinion among me- 
tallurgiſts, that tin has a property of deſtroying t the duc- 
tility of gold, on being melted with it, even 1n very ' ſmall 
quantities. Our late i ingenious countryman Dr. Lzw1s, in his 
Philoſophical Commerce of Arts, p. 85. has well expreſſed 


the ſenſe of moſt writers on this ſubject, in the following 
words: The moſt minute proportion of tin and lead, fays 
he, 4 and even the vapours which rife from them in the fire, 


« pieces under the hammer.” b Bi 

Divers circumſtances, ae Ht long ſince induced me 
to diſbelieve the fact; but theſe; having chiefly ariſen from 
ſmall experiments, did not ſeem: to warrant any general con- 
cluſion A late public occaſion, however, which led me to 
various trials of mixing theſe metals together, in different pro- 
| portions, and in ſufficiently large quantities, has put the matter 
out of diſpute; and ſhewn me, that tin, in ſmall quantity at 
leaſt, may be added to gold, either pure or alloyed, without 
n * other effect than what might eaſily be con- 
ceived, 


6 though not ſufficientito add to the gold any weight ſenfible 
tin the tendereſt balance, make at ſo b . it * in 
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- ceived, a priori, from the different texture of the two metals. 


In confirmation of which, I beg leave to lay ſome of the ex- 
ts hefore ou. ä | 9 
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Sixty Troy grains of pure tin were ſtirred into twelve ounces 
of refined gold, in fuſion; and the mixture was then caſt into 
a mould of ſand, produang a flat bar, one inch wide, and one- 
eighth of an inch thick. The bar appeared ſound and good, 
ſuffered flatting under the hammer, drawing ſeveral times be- 
tween a lar Neel rollers, and cutting into cir 


err? ui Ls... i. # Yo 
h diameter, which bore ſtamping 1 in t 


pieces, of near an ike * b 
maney-prefs, by the ufual ftroke, without ok the 1 leaſt. 
RY, as 


ſign, of brittleneſs ; or rather with much the 
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Ninety grains: of like tin were added to ann ounces af 
fine. gold, ſtirred, and caſt as above. The bar produced was- 


ſcaicely diſtinguiſhable from thei former, and bore all che ape 


rations, as before-mentioned, quite dans; 5413 2b: cc; 
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"One Hundred and twenty graifis of fine tin were lixed with” 


twelve ounces of fine gold, and being caft Hike the foregoing, 


produced a bar rather paler and harder than the preceding, 
but which ſufftred the like operations very well; except that, 


on drawing between rolters, the outer edges were e diſpoſed ro 
crack a little, ** 


s 
* o . % — * X ” . ” 
4 $4 + | 344 , 1 


* 2 * * n i Wes po IO * o 5 ; 


by Tin. 465 


; 3 9 "77 


BXPERIMENT. kv. 


+4 


0 made and forty grains, or half an ounce, "of the 
like grained tin, were mixed, as before, with twelve ounces 
of fire gold; and the bar reſulting from this mixture was 
completely ſound and good; evidently paler and harder, how- 
ever, than any of the foregoing, and cracking rather more 
than the laſt on paſting between the rollers ;- but bearing every 
other operation, even ſtamping under the prefs, wy the 8 
Nes, eee ee ES ann 5 
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ve Mn EXPERIMENT . 7 50 
One ounce & tin was next ſtirred into twelve er the 
[7 Kke cefrned' gold, and then caſt' as before; but the bar pto- 
Haced, though ſeemingly ſolid and good, was bad coloured, 
brittle in texture, and, on the fitſt paſſing between the rollers, 


; ſplit · into ſeveral - n fo Wit no ae trials were made 
With it. "0 I GN 6 Ko £1900 * pt 'I 
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EXPERIMENT VI. 


To inquire how far the fumes of tin, brought into contact 
with the gold, would do more than mixing the metal in ſub- 
ftarice, a ſmall crucible, filled with twelve” 'onnces of _ 
gold, 2: fine, was placed in a larger crucible, having o 
ouncè of melted tin in it, ahd kept there in fuſion, the belt 
being covered: by another large myerted crucible, for about 
half am hour. In chis time 4 full quarter part of the tin was 
calcined; but the gold remained unaltered, and equally capable 
of being manufactured as another portion of the ſame gold 
melted in the common manner. 
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It may well be aſked, whether the tin, or part of it, in 
every trial, might not be deſtroyed, and thus render the con- 
clufons fallacious? But as, in any of theſe experiments; "not 
more than fix or eight grains of the original weight were mif- 
ling after the caſting, and as even fine, gold can ſcarcely be 
melted without ſome loſs in the operation, ſo we may rea- 
ſonably ſuppoſe, that our ſmall lofles, | in the foregoing trials, | 
do not deſerve conſideration. | 1 nds. 
The above experiments then ſeem to Wr that tin is not ſo 
tmiſchievous to gold as hath been generally repreſented. But 
it would be unfair to infer, that the original author of this 
doctrine (from whom ſo many have implicitly tranſcribed) had 
no foundation for the aſſertion. Gold and Tin, indeed, are 
Genes pretty well known; but it is ealy to imagine, that 
coins or trinkets may have been uſed for one, and impure tin, 
or pewter, perhaps, for the other; and. it is difficult to gueſs 
what might be the reſult of ſuch uncertain combinations. To 
inquire farther, therefore, the experiments were continued as 
follows. 


Fx. OI EXPERIMENT VII. 

. To, determine whether the two metals might: be more inti- 
mately combined, and the maſs rendered brittle, by additional 
heat; the mixture of gold and tin, produced in the firſt of 
theſe experiments, was re- melted i in a ſtronger fire than before, 
and thus kept in fuſion full half an hour. By this operation  , 
fix grains only were loſt in the weight; and the bar obtained 
Was. no leſs manufacturable than at firſt. | 
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en mixing Goa with Tin. | 


io abo RET 1 EXPERJMENTS VIII. AND IX. 


The mixtures of gold and tin, from the 00 * fourth 
experiments, were re-melted: ſeparately, and one ounce of 
copper added to each. Being both well ſtirred; they were caſt 
as' uſual; and the bars, though ſenſibly harder, bare all the 
operations of manufacturing as before. The laſt bar. cracked 
a little at the edges, on drawing through the rollers, as it had 


done without the copper, but not materially, and bore cutting 
rather better than in its former ſtate. : 


$2: EXPERIMENTS Xx. AND Xl. 


A quarter of an ounce of the laſt mixture (being tin Half 
an ounce, and copper one ounce, with gold twelve ounces), 
and as much of the bar from experiment the third (being tin 
one hundred and twenty grains with gold twelve ounces), were 
each melted by a Jeweller, | in the moſt ordinary manner, with 
a common, ſea-coal fire, into ſmall buttons, without any loſs of 
weight. Theſe buttons were forged by him into ſmall bars, 
nealing them often by the flame 'of a lamp, and afterwards 
drawn each about twenty times through the apertures of a 
ſteel plate, into fine wire, with as much eaſe as coarſe gold 
commonly paſſes the like operation. | 


e EXPERIMENT XI. 


To enquire whether the adding of tin to gold, PTY 
alloyed, would cauſe any difference, fixty grains of tin were 
ſtirred into twelve ounces of ſtandard gold, ++ fine; and the 
reſult paſſed every operation before deſcribed, without ſhewing 
the leaſt alteration from the tin. 

For greater certainty, ſeveral other trials were made, of dif- 
ferent mixtures of copper, tin, and filver, with gold, even ſo 
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low as two ounces and + half of copper, wier half an ounce of 
tis, to twelve ones of gold. But theſe ate not worth par- 
tieularizingz for they all bote hammering, and flatting by 
rollers, to the thinneſs of ſtiff paper, and afterwards working 
into watch-caſes, cahe-heads, &. with great eaſe. They all, 
indeed, grew more hard and harſh, in proportion to the quan- 
tity of alloy; but not one of them had the appearance of 
what all workmen well know by the name of brittle gold. 
Whence it ſhould ſeem, that neither tin in ſubſtante, or the 
fumes of it, tend much to render gold unmanufacturable. 
Whenever, therefore, brittleneſs has followed the adding 
ſmall quantities of tin to fine gold, it muſt be ſuppoſed to have 
ariſen [708 fore unftiendly mixture iti che tin, probably from 
Arſenic; for other experiments have fhewn me, chat twelve 
grains of regulus of arſenic, injefted into as many o ounees of 
E gold, will render i it totally ubmalleable. EN 

2 rom the forez gojng experiments, I prefutne, we may fairly 
tonclude, that ho 53 tin, like ther inferior metals, will 
contaminate gold, in er e to the quantity mixed with it, 
yet there does not appear any thing in it ſpecifically initnicat ts 
this precious metal. And this being contrary to the doctrine 
of moſt chemical writers, I ſubmit' to your better judgement, 
whether it may not be uſeful to publiſſi theſe . by 
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ros ſouſſignés certifons, que M. le ne n Unten 
nous ayant commubiqus ſes idees fur le moyen de pou- 
voir donner la direction aux machines ae roſtatiques, pour faire 
route 4 volotits« et par un rutib certain et aſſurè dans Phir, prin- 
cipalement fonde' ſur differentes obſervations qu'il avolt faites 
ſur Pufage q ue les oiſcaux font de leurs alles quand ils volent, 
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et fur cklui que font les Poiſſons ® leurs EEE * Dy leur 


queue quand ils na gent: Aeg £2001 
Nous nous ſommes ratified, Papres-midi - "Rr IM 
Mars de cette annte 1784, au canal de dne o o 


ut preparte * une chaloupe de vingt=cinq piecds de long ſut 
quatre et demi de large, ae une machine qu'il avoit inventee 


pour dłmontrer {es idees.' Cette machine , qui conſiſtoit ei un 


chevalet ol. alloit de poupe à à proũe à la haviteur de cinq ipieds, 


toit ctoiſtè en rectangles pat trois vergues de bois elaſtique, 
de dix-hults' pieds de long chacune, avec une alle à chaque 
bout, compouſte de baguettes de baleine, couvertes d'un mor- 
ceau de taffetas de cing pieds de long, et trois de large, laquelle 


etoit Jdinte par un de ſes quatre cotes' a la vergue, de fagon que 
Vatle reſtoit hotiſontale. Le mouvement ſe communiquoit 4 


chaque vergue, et par conſequent à ſes deux alles, par un ſeul 

homme, qui tirant avec vitefſe des cordes attachces au bours 

de chaque vergue, les agitolt verticalement, d'ou reſu}toit que 
* See tab. XXI. i. ; 
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oiſeaux, et les poiſſons, fournifſent, un princige fic et, certain 


Le Conte Uri # as Moyen, &c. 


quand elles fe plioient, les ailes prenoient à leurs extrémités 
une inolination de quarante-cing degres de Thoriſon. Ce 
mauyement ct celui de la reaQtion > produiſoĩent dans la chaloupe; 
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00 ll y avot fix hommes, une imp ulfion qui la Faiſoir marcher 


contre le courant du canal et le *. Fair quill faifon, "cent cin 


quante picds par minute, outre ſoixante . qu'elle parcou- 

roit avant de s'arrèter depuis Finftant qu'on cefloit de monvoir 
les ales; elle -parcourgit deux cents. guaranter trails. pieds pay 
minute, allant ayec le courant et Tair, par le 1 PEE moyvegent 
- continu des alles. Ms 


. Novs . tous vertont 8 & reckt que | ata it 4 
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ſes. —_ wt pratique au plurde,, far cauſe. quiil be ſerxix Tune 
 chalonpe lourde et mal conſtruite, avec Jaquelle. les. alles 


# 


 n*avoient point de proportion; nous ſommes perſuadẽs que 


1 Gruation des alles et leur mouvement vertical. qui formeĩent 


lors qu'on les battoient un plan ineliué, imitant en cela les 


pour donner une direction par quelque rumb que { e ſoit, a toute 


eſpèce de corps qui nagent dans un fluide, et par conſequent 


Ves- applicable aux nouveiles machines ae roſtatiques. Hts 
Cette invention nous ,parolg digne de 1 approbatien et de 
reloge des phyſiciens qui, ſans doute, employergnt Ieuys. efforts 
pour luj donner tout? la perfection dont elle off fulcegrible dans 
Wee de ſon mécaniſme. BE nt 
Et Pr conſtater que la dite expericner a &t6 faite de Ia. ma- 
niere qu on vient d'expoſer, nous avons ſigné la preſents certi- 
fication, ainſi qu'un deflem de la dite machine, &. Madrid le 
deux Mars, mil ſept cent quatre · vingt · quatre. P. Joszr DE 
ViExa, D. AousTIN BETANCOURT. Y Mol ix, D. Ricarpo 
Wors:zy, Rain DE 8. Lavnznt, CasiuixE OxTEGA. 
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ARAH KIPPUS, a pauper in the cy ol ; Norwich, Was, 
for many years, ia patient of my father's, and, at his de- 
ceaſe, was unger the care off Mr, Scot, as city ſungeon, who 
obliged me many times dy taking me to the poor; woman, from 
whom. received the accopnt:of the early. part of her diſeaſe. ,. 

Her complaints came on firſt after a miſcarriage at, the age of | 
27. She hadi never been pregnant before; and hex, diſcharges 
at that time were ſo great as to bring her into a very weak 
condition. She ſoon perceived ſome uneaſineſs, attended with a 
ſwelling,' ,on one fide, which, after a- few months, became to 
large to diſtinguiſh; whether it was greater on one fide or the 
other. As! the ſwelling Was found to ariſe from water, 
it was drawn: off, which was in the year 1757. She was never 
afterwards pregnant-z but the catamenia continued regularly 
till the uſual period of their ceſſation. When I firſt ſaw her, 
which was in the year 1780, ſhe had been many times tapped, 
and ſhe was then full of water. Her appearance was truly 
deplorable, not to fay ſhocking. She was rather a low wo- 
man, and her body ſo large as almoſt wholly to obſcure her 
Face, as well as every other part of her: with all ſhe was tole- 


" | rably 


1 


472 - Ar. te game e, 
rably chearful, and ſeldom regarded the operation. I aw her 
juſt before we took away 106 pints of water, and I begged 
leave to take a meaſure of her. She was ſixty-ſeven inches and 
aur en cireumifetetetf? and from the-curvilago avfiforchiagts 
the e pabis meteyefbut inches. Hor logs werd now\ greatly 
Weile; but this aud every other ſympiär of which" te 
complained, evidently aroſe from the quantity ant witght\of 
water. She neither ate nor drank much, and made but a ſmall 


quantity of urine. | 

The operation of caving, off tlie water was generally per- 
formed on a Sunday, as the moſt convenient day for her neigh- 
bouts te aft her, and before the litter end of the NUK 
was able te wilk very well! Ste was Gift cupped im ælis 
v5.59, ended Aug? 158 3. These Red v rwertysRive 
yews with foihe intervals ef af; Kaving!eiphty times wulle 
go che opera” nd i all had tuket froth her 66 31 piu 
Water or upwards of elürtren Regſhends lt 
il ſübjein the - vccoubht e the e emi quantity 
drawn off ar each time, as given me by Mr. Scr, obſerving 
that: ill 1769 no ent memorandum” was kept, except of the 
une, of tienes, although ehe quantify - of witer "drawn off 
was abways meafured. 'By my father ſhe was tapped tweuty- 
ſox tithes, averayed at 70 pints esch time: by Mr, Downe-onee, 
73 piuts, which makes 1685 pints from I the Car 
1757 e „I Mr. Score ae * 


fl. . 3:0 3.) 1 20 1 Th 51 


: 4 * - 
= W & 9 Y - . y of N * 5 a 
. . . ce 4 . * 5 " S f g - - * 4 | , a * * F — 1 * * 
10 YT # * 5 L 1 * = Wy * | N » # . # . * ; * # @ o . 2 * > 0 * 34 « * 
* ö . bl * 1 
. * 
4 17 # : | Fx V3 ns 1 N „ 1 3 " „ £0 , 7 3 . 
, 4 K & : , . kd T2 . - 
5 - AE. * | * . , ; * - * 4 : 6 . * 1 # v - 4 » 4 p of *. * 
- . i 4 a 


: 24 
8 0. 
Ban 


1 Hor Pints. 1774. 
Mar. 16. 70 Mar. 13. 
July 17. 72 June 26. 
Nov. 20. 78 Oct. 23. 
Dec. 31. 70 
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Sept. ro. 95 
Nor. 72. | 98 X 
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Jan. 2. 1⁰ | 


Mar. 11. ip 


e 100 
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" Mints 8. | af 


| July 5. 99 
| 1 Nov. 5. 105 
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p | O14 280 Fa 
2 Total 6631 pints. 


a . 
''In looking over his account |. es that 108 klutt wen 
the greateſt e ever taken away at any ane time; that 
ſhe was never tapped more than five times in try oneb year 
and the largeſt . in a year was 4 Pjats- The moſt 
collected in the ſhorteſt ſpace of time was 95 pints in ſoven 
weeks, from Joly 24th to September no h in 1780, which is 
very nearly two pints a day. It appear alſo, that in the laſt 


14 years of her life, when a regular; account was kept, the 
increaſed faſter in the winter than in the- ſummer months. 


If the ſix ſummer months from April to September incluſive 
are reckoned, ſhe loſt in the 14 years in 23 operations 1972 
pints, ang in the winter months from October to March inclu- 
fives by 30 tappings, 2596 pints; and it will be found, that 30 
35 to 2596 rather more than 23 to 1972, ſo that ſeven more 
tappings were at leaſt neceſſary in the winter than in the ſum- 
mer. In the months of ' March and N ovember. ſhe oftener un- 
derwent the operation than in any other. In theſe calculations 
the three „ in 7 78 3, are not inchided, as the your was not 
finiſhed. . © 8 | 

If we compte the * caſe of Lady Pats, related by 
Dr. Mx ap, the/quantity of water taken from her ladyſhi 


w_— oO 17 


appears {mall when oppoſed to the number a of pints drawn 


from 
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4 dan an Kites. The one ot 1920, thi other 6631, 
it muſt be confeſſed, however, that Lady PAO 3 
than the poor woman whoſe caſe I have related. * 
I come now to ſpeak of the diſſection, bende Hb 7F 
obſervations on the whole. On the roth of Auguſt 178 3, the 
poor woman died; and the following day Dr. Dacx, an emi- 
nent phyſician of this place, accompanied me to open the body. 
I firſt drew off 78 pints of clear water: ſuppoſing, therefore, 
all the water to have been taken away at the laſt operation, 
then in three weeks the had collected 78 pints, which is more 
than three pints and a half in each day: a quantity far exceeding 
what ſhe had taken. I then opened into the cavity from which 
the water came, and ſeparated the fac from the peritoneum, 
and found the fac had ariſen in the ovarium of the left fide. 
' After this, I diſſected out the uterus, with the right ovarium 
in a natural ſtate, and thus obtained every part neceſſary to 
thow the diſeaſe, vin. the uterus, the right ovarium ſound, and 
the leſt enlarged into ar immenſe pouch. The cyſt itſelf was 
not very thick, but lined in almoſt every part of it, but more 
efpecially in the fote part, with ſmall offifications. The peri- 
tonoum was prodigionſly thickened, and thus, by its additional 
ſtrength, became the chief ſupport of the water. There was 
fomething ſingular in the fac itſelf, for it was rather two than 
one, from there being an opening in the fide of what appeared 
at firſt the only cavity, which led to another cavity, almoſt 
equally large with the firſt, ſo that if all the water in any ope- 
ration had not been evacuated, it muſt probably have been 
owing to a difficulty in its paſſage from the ſecond into the 
firſt or more external cyſt. From the ſize, however, of the 
poor woman after each operation, it is evident, that in her 
there being two ſacs did not prevent the total drawing off of 
VoL. LXXIV. Qqq the 
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the water. The other viſcera appeared all in a natural ſtate, 
The inteſtines were quite empty, and puſhed up under the ribs, 
ſo as to have left but very little room for the expanſion of the 
lungs within the thorax. The bladder was contracted, or rather I 
ſhould ſay appeared leflened. The kidneys were healthy. and 
both ureters in a natural ſtate. The ac is in the — 
of JohN HuNnTER, eſg. Salt #99 o ol teder inan 

In reflecting upon this caſe, an chiiew queſtion ie 5 
4 whence proceeded this immenſe collection of water? 
At different periods of this poor woman's life the quantity 
drawn off, without conſidering. the urine ſhe made, was 
much greater than the fluids ſhe drank, which appeared from 
meaſuring whatever ſhe took. It appears then pretty certain, 
that this ſuperabundant quantity muſt have been taken into the 
body by abforption ; and if we allow the bodies of animals to 
-have this power of abſorbing, which we very well know vege- 
tables are poſſeſſed of, it will account for many appearances in 
the animal ceconomy. This poor woman collected faſter in the 
wet moiſt months of winter, than in ſummer. 

From all, this happy concluſion may be drawn, that although 
human art is at preſent inſufficient to the perfect cure of diſeaſes 
fimilar to the poor woman's caſe I have related, yet nature is 
continually defending herſelf from ſudden death; and ſuch 
relief may be granted as to protract life a long time without 
much pain, and often with intervals of great eaſe and comfort. 
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XL. Methodus i inveniendi Lineas Oki « ex e. etatibus Varia- 
1 tionis Curvaturæ. Auctore Nicolao Landerbeck, Mathe/. 

Profe 2 in Acad. Upſalienfi Adjuntilo. Communicated by Nevil 

Maſkelyne, D. D. F. R. S. and Afironomer Royal. 


2 L 


Read July 1, 1584. 


en PAR S S ECUN D Ax. 


n ex proprietate variationis curvaturæ invenire, 
l indice per functionem coordinatarum cujuſdam expreſſo, 
problema etſi indeterminatum eſt; juvat tamen ad curvas cog- 
noſcendas, quum facile et ſponte ſeſe offerunt conditiones deter- 
minantes qui rei conveniunt et quæ in caſu quovis examini ſub- 
jecto locum habent. Quo conſilio et qua arte calculum inire 
oporteat, ut et hæc et his affinia peragenda ſint, quæ ad curvas 
ex curvaturæ variatione cognoſcendas pertineant, Per theoremata 


que ſequuntur, exponere conabor, 


THEOREM A I. (Vide tab. XXI. fig. 2.) 
Si curve cujuſdam LC index variationis curvature fit T, 
radius curvedinis R, ſinus anguli BCD p, poſito ſinu toto 1, 
arcus curve LC x coordinate nn, x et y earumque 


fluxiones ap, ds, dx, et d dicantur 1 
P- : 9 ? 787 Tas * 1— p* 
X ax dz ap 
Quoniam dx = | Rap — habetur 1 Ir 


* See Vol. LXXIII. p. 456. 
294 2 et 


47 — e 10 o | 
et quum an-. erit R fra. et ſubſtitution ; F 
p- 

( = Em a = 


— 


Cor. I. Hine obtinetur f 


2 9 f 


. | ee 
Cor. 2. Si Tangens . BCD per r, Secans per s defignen- 
& dr as ds 
— et . 
tur __ Ld e * = 


Schel. 1. Ex hoc theoremate facilis deducitur methodus gene- 
raliter calculandi variationem curvaturæ curvæ * cujuſcumque. 


Nam T T COATS LE” datur, data 


2 
2 


tioni c curve 2, Ar. Tax Z et ſumtis fluxionibus Tax = = Zn qua 


inter æ et y relatione. Sit valor quantitatis — 


"< 


T= fan&tioni iplius 2. Si valor quantitatis — — — — P per 
5 e erit F TP ſumtiſque fluxionibus e et 


To , quæ functio eſt quantitatis p, in poteſtate ſemper eſt 


= per P exprimere. 
"* Schol. 2. Hujus etiam theoreratis ſabfidio inveniri poſſunt 
curvæ ex data relatione inter T et z, R et z, R et y, et R et 5. 


Si enim fit T=Z functioni quantitatis æ, erit 7 Tak = 7 Za + A, 


dz ke; 4 ) ap 


ZA = Taz = = 9 et ntegratione 


E >. + C= —- 7 2 ta — — et N nu- 
/ Zaz+ A Vi-p 2 KA 


Mmerus 


Vi 


v1 theorematis 


ex pregrinads rue — 5 1 


quantitatis Z, quibus poſitis 2 wk 12 2 reſpeAire proveniunt 


( S&JF) = za cy Hpud⸗ N 


quarum alterutra curvarum indoles in noteſcit. 


Si R=X functioni abſciſſæ x provenit = 2 )- — &þ et 
ae =þ unde VI FE V1—X* 


Xe 
A æquatio curvæ indolem exprimens. 


„Ef 


Et ſi R= V functioni ordinatæ , habetur 5 " ( == 2) = — 
2258er integrations V reo. i — 5 unde 


2 . ED FI == quæ exprimit natu- 


ram CUTLVZ. 


you colligitur quod quoties Tas perfecte integretur et 


|S = r obtineatur per arcus circulares dum aut [7 Za aut 
+ 


£ ds N 1 3 abſolutam admittat integrationem, curvæ erunt 

rectificabiles, et algebraicz, ſi relatio inter x et x vel inter y et ⁊ 

in relationem algebraicam inter x et y permutari poſſit. 
Evidens etiam eſt quod fi X functio eſt algebraica quantitatis x 


vel Y quantitatis „, et non folum vel 7 ſed etiam 


X 
Xdx Yd 

7 == vel — Yay = quantitates perfecte integrabiles, curve eva- 
11 5 11 9 . 


dunt algebraicæ, alias tranſcendentes. 
Exempl. 


486+ oj? ie = pkg 
-Exem 2 1." Iavenjenda ſit curva ubi variatio cvrrature eel 


"'W 


CD — — 


"RE . 9 daplicior — calculus Tosstur 
4 8 272 447 6 


„ 
. Y : 4 y 
: E 4 : ; mes. FF > 4+ 349m, a2 +. 3 ASSN MP 
163 #44 KL + 3,5 — 1 " Sv ” 
ny 


bene = arent, =0- 


9 22 ＋ A; ſit conttans fide" Ae. 1525 684 
Gi tut Z = A ie 
accidit evancicente # x Tadzu = b, | haberur per — 


1 /b_ 


— 


fu Vb — =. * 2 et integratione þ 


Pra [Taz 9 12 


A 
2 . =» cujus æquationis termini quum ſi ft arcus cixculares © 


i nns Ie ſito arcu 
quorum ſinus V1; — et coſinus p PO 


terminata u et * a bahetur v = ax" vate pro gane. 


Exempl. 2. 8 fit variatio curvature 122 2 crit Y 2 Ka. 


722 Te, +A © f1 Z = 0 Fran- 840 TE A= a, atque 


8 d : 
vi theorematis e by? - Þ Fl — 825 —= | = et integratione 


1—p* 
fant æquales corumque ſinus et coſinus, unde J F= = 
bY; | a — az A 
— — ct dx (dE NV = TR et Y (= 
a V a* + 2 ( | * | Pp) gn 


* TT ** | 


* £74 
I * N — 
+'C — 


conſtanti SNN obtinetur * (A # pads) = = | << 4 * * BY = - 


— nam 33 25 pofita v o et 1 Ab, = a(= „ 
12 PAP 1 — . 3 . — | quibus æquationibus ex- 


i at TE —\ 


_ Ay 7 2 - 8 arcu conſtanti C=0 cæteri | 


2 


* 
| -_ = 


— 


pd) p. 3 catenariam 


conſtans C o, cæteri Gage 8 e. — et TEN 


a F = , p= Dey (= ſpl) = = [=)= 


3 


| 

THEOREMA II. 1 

I } 

Manentibus antea adhibitis denominationibus erit — — þ 
1+ / Tas | i 

v I — 8 1 
"Wi- p j 

- dp | P = ON p | 

= — =» Propteri :W1—p:::CD(R) :CF=RV 1—98\ f 

ſed dæ: de:: Tdx: Tax, que fluxio eſt ipſius DE, quare 


DE 1 Tax, unde CF = y+ F Tax qua pro RV/ i p ſubſti- 


tuta, prodit —— = = - 


Nam Tax = — . — et dy = 


24% — 2 


— æquatio pro cycloide ordinaria. 


4. 


'—— expfproprictatuons Fariationss Curvature. 481 


* 


A 3. Sit variatio curvaturæ ＋ = , evadit f* Th 


4 2a2—x 
af * 


= 24% — 2 der Waters — 16 8 
N 2 P =; 7 * . ng 7 


Co 


2 .. ES — ** 


I 


ds dp 


3+ / Tax =” 
Cor. 1. Quantitas dy Tad ſemper eſt perfecte integrabilis. 


x pd 
2 unde dy + Tax — 


7 vV1-p Vis 
| 'M 1 a * 1 * p 
— dax 1 = Et integratione * + . Tax= — — in 45 £ . 


Cor. 


"©, 3 Si Ini angel BCD per r, Secans per rdefgnen- 
2. 


P 
tar haborar ——_- 3 . 
Schol. 1. Per hoc theorema via etiam patet ealeulandi gene- 


mater variationem curvaturm. Eft enim ra- 


V 3 


dp 
tione. Sit valor quantitatis - 5 — 


2 22 „ quantitas vero = datur data inter & et 5 rela- 


=X function abſeiſſæ x 


Eæquatione ad curvam inventus, erit i / Tax X et ſumtis 
fluxionibus Tax = KA - &y, qua T=R -£ 22 Z ubi tam X quam 


2 funt fun&tiones abſriffe x, Si valor quantiratis - EF 
=P per þ expreſſus, erit 57 Tar g P- ſumtiſque * 


Tur = Pdp — * qua T=2- T= abi 2 functio eſt quan- 


titatis F, nam 2 per p exprimi poteſt. 


* 
4 


Sebol. 2. Hoe: adhibito theoremate inveniri etiam poſſunt 
curve, ex data relatione inter T et æ, F et x, F ety, F et x, 
et F et p. Poſita enim T functione quantitatis x, patet per 
curvarum quadraturas, aut perfectam aut imperfectam quanti- 


tatis Tar obtineri integrationem. Sit ¶ Tad X Kd 
functioni vel algebraicæ vel ex parte tranſcendenti ipſius x, 


1 1 g j1 a 
cujus terminis homogeneus valor ipſius y= 7 Xax capiatur, 


iſque ejus indolis ut 7 X + Xdr, vel quod iden eſt y + 7 Tax = 
3 „ 


e 


ex proprietatibus Variationis Ourditire 


4B; 
XT XA N integratione abſoluta habearur, permanente 


Pas Tax l petfecte integrabili. Per. theorema deinde 
Habetur . 


: =» et per integra: 


" wy —.— 


| | 9, Sd he ba 
et t þ igitur ſunt 5 üs , der fi ponantur * _Þ 
ba 3 Pe Moray 7. 5 
et K, babetur y (=; "is , æquatio = curve 
91 92 M lan 


internoſcuntur. ; 
= nM KEY functioni quantitatis y erit per cor. > 


24 = Wo. 4þ a = Fa — 

7 (= * — ret integratione / + log. C log VAL =p: FM 

ponatur f Z T k et ook logarithmorum baſi,  erit facto ad quan- 

titates abſolutas tranſitu CN*= VI p, PSV N et a (= 
d vr — 7 C Nia 

42 2 9 5 2 v TORT e que indolem curvæ indi- 


gitat. 


81 F'=7Z functioni ipſtus 2 erit? * 20 725 3 = "et integra- 
tione 2 las C= log. = 5. et ſi / — = | et N baſi logarith⸗ 
bebte If iow, 4 = 74 — N ua 


curve cognoſcuntur. 


Vor. LXXIV. R rr Conſtat 


434  Methodus inveniendi Lineas Curvas 
Conſtat hinc * quoties X+ T Ar | perfeta integratione 


x+ / X+ Xds 
lutam admittat integrationem curva fit algebraica, fi vero aliter 
evenerit tranſcendens. 


"1 
habeatur 7 gr per arcus circulares dum pp abſo- 
1K 


CN'4y 
— —— abſolutam 
Ye C*N** 


admittat integrationem curva eſt al Igebraica, in alus caſibus 
tranſcendens. 


Quoties Y 2 fit integrale logarithmicum et —= 


Et quoties | — per logarithms i awake, Z 
Jute fit integrabilis pariter ac — = curva eſt t algebraica, alias 
tranſcendens. | 
J. 7 2 


Exempl. 1. Si fit variatio curvaturæ T = 


3 — — —— 192 
Tra (=* 23 GD — e od es ae 


. ſi ponatur y= 2 — habetur 5+ ſ Tas; 
r adhibendo theorema 2 e en, (= 
de | 1 2 . #4 | 
Tea) if " integrando ſ ar =, EW 
7 72 cujus termini ſunt arcus circulares quorum finus 
VT = = TS; et coſinus ker evaneſcents 


arcu conſtanti C, quare y (= / 12 
— 


| * =. ) * av = 
et in hoc caſu curva eſt ellipſis. 


4 


Exempl. 


ex proprietatibus V ariationis Curvature. 


Exempl. 2. Sit jam variatio curvaturæ Tur eri 


2 24 ET xdx 
Tr e 
2 Tr 
fecta integratione habetur 3+ FT x, 


adx . ar 


1 


atxV 2ax+ x 5+ / Tax 


| dp 
conſtans CS cæteri ſunt æquales eorumque ſinus et coſinus, 


5 unde L- 


- #quatio indicans curvam off catenariam. 


matis itaque auxilio erit 


integratione 


3 
T HEOREMA III. 
e 
a Dicatur coſinus anguli BCD 2, poſito radio 1, cæteriſque 


| s * ® . a, 
manentibus denominationibus erit N . 
IT Vi- 


jpeg dy do 
Eſt enim 2 ag, qua per VI & diviſa, dat st . ; 


et ob 1: V1 :: CD (R): CG=RVY/1—9q, fed dz: 
— Tz : Tay cujus integrale eſt AE= f Tay, unde CG . 


AE AB) = / Tay - x, qua pro Ri- ſubſtituta, prodit 


1 — 


Cor. 1. Semper Tay - ds admittit perfectam integrationem. 
Etenim Thy = T et dx= _ = quibus Tay = dx = 


"4 
_dy Vip 
et integratione .H Tay - x == —a2 wa 
Rrr2 Cor. 


2.14 ns 4 gay _ 
4 VID 


ö 
U 


5 
8 
| 
; 
; 


n 


2 — 
* P T- > 


- 2-3, 
MR - — 


» — — — - 
i 3 
+4 


r 


6 -——— 


n 
e 2 49 
SR: 
. 


Y-x ſumtiſque fluxionibus Tay V dx qua T= =y 4 


Schol. 1. Quoniam s Tay r 


datur ex data relatione 


y erit / Tay * 


0 0 on” Lay. PE . 
inter y et 9, fit 2 T ＋ = Y functioni ordinate 


dy 
BELSE 


ag 
erit F 1 x et ſumtis fluxionibus — * — dx, qua 


4 
habetur T=W _ 7 er 
5 7 Per 2. 


Schol. 2. Hujus theorematis auxilio elicere licet curvas data 
relatione inter T et y, G et , G et æ, Getz, et G et 9. 


Si enim fit T functio ipſius y generaliter 3 Tay = Y + 5 Yay + A, 
quæ functio eſt algebraica ipſius y quoties Ia Yay abſolute ſumi 


= Q functioni ipſius 2 


functioni ipſius . Si autem £ 


poſſit. Aſſumatur x= 5 Yay, tali ipſius y functioni ut non 
folum / Ty — x = Y+ſY+Y Yay ſed etiam. Tdæ = ſay 2 


v1 - r=" abſotut integratione habeantur, provenit vi theo- 


1 | 
rematis —— — ( * et integratione 


e 7 09 Ig 


2 1 5 
1 — +C= 4 7 einn 
ad | 


ſ I1 
Y+ SY+Y&@+A Y+ ſY+YQ+A 


N. 1 
TC=/etNhbaſi logarithmica exit q= D,. g 5 — 5 = — et 1 . 


— 
4 


* 


2 8 — 


er Hop rRcafibt 4 1riativnis ALL. 


| 437 
72 If 
=N * — que fundtiones ſunt quantitatis y.  Pvibus 
2 ody | Yo 
poſts Fer Viv: prove = (- vag) I 
121 
tio quæ indoler curvarum indicat. | 
81 G=X functioni ipſius x erit per Cor. 2. E =—) = = 7. J 
et t integration log. CN. (= = + log. C) = log. — 1 ws 
* 2777 X 
„ VIS EY 44 5” 
=, 2 e ect ( e) 


= =F NR —_ curvæ naturam indigitat. 
VON 


Si GS Z funddiont 155 2 erit © — (== "7 53 integra- 
4 5 — AW Fr 
tione log, CN' (= > +.C) Wen * 2 ſi 7 =, vines 7 


C*N*' ___2CN' EE N Xp TOW 1 
Dee i kong (=/ 94) = 11 * 


1+ 


| pu — 4 FEE # 8 k 
| dev -19*) = HEE — - quibus curvæ cognoſcuntur. 
| I + CON” : 


Patet hinc quod quando Y+ * Yay — habeatur 


dy - — 
— 2 — per quadraturam circuli, et 72 7 * etiam 


Y+[Y+Y&+A 
obtineatur algebraice, curve evadunt algebraicz, . vero 
tranſcendentes. 


— ＋ K _ yel ft cn obtineatur per logarithmos, et. 


—_ 2721 | [4 | - | 
£- N15 vel tam a 14: quam of 7 — abſoluta in- 


le curvæ erunt at, 


Exempl. 


> . al cent. 2 —— _ * 
= N CD 
© Sx 1 — Tf, = 


2 5 = = > — ESD —— — = — — 2 = — — 
LEY CST. a =, "e. FLAC Et > 


- - - 
= — 8 
—— —ʒ—¾⅛ 

122 


©. 
1 


488 Methodus inveniends Linea _— 
Exempl. 1. Sit index variationis curvature T = 


Y erit FTT 


| OA +A, ſi quantitas illa conſtans A * quod evenit quum 


Fra et y o; ſumatur x= = 2 erit vi theorematis e 
(=) = et integratione ſ =, wy +C=ſ . | 


cujus æquationis termini quoniam fint arcus circulares quorum 


1 d. arcu conſtanti 
Co, obtinetur x(= = = =) " quatio pro parabola Apol- 


loniana. 

Exenpl. 2. Si fit T gn habetur f TSH ſ 22 
vVa—y+A, fi quantitas illa conſtans A=o quod evenit quum 
fToh=o et a, et _ * = 3 , evadit per 


s et per integrationem 


» quorum arcuum finus g= 


Te L 
ct coſinus Vr =S ſi conſtans ille C=0, atque inde 
4 (77 == _ 


——— qua patet curvam eſſe tractoriam. 


THEOREM A iv. 


| Dicatur ſumma tangentium angulorum HCD et BCD H, et 
differentia tangentium angulorum HCD et CKB K, "—_— 


. 
[Ha Vi- Wy. ue 


et 


reliquis denominationibus erit 


er proprietatibus V ariationis Curvature. a89 


— 
— 


Quoniam g erit TTT dx et quum 
H=T+ = habetur dy + Tdr = Hdr. Eodem modo quum 
ds =o erit Tay dx T = G. ſedK= =T- >, 


S=9 


unde 77 Tidy - x=Kady. Per theorema igitur 2 et 3 provenit 


L 
i Cor. Si fit ut antea tangens anguli BCD, cotangens t, ſe- 
" ay ar dx FR ds 
. cans s, et colecans u, erit — = —__ 4 t= = 
Ja IK VVV 


| Sibel © pe hujus theorematis invenire licet curvas, data rela- 
tione inter H et x atque K et y. Itaque fit H=X functions 


ipſius x — vi — — 


＋C S - 7 — 


ä = = tink tione 
ar) * F r 


2 7 n et N logarithmorum baſi prodit 
Gs my/—1 my/ 1 N NI ma/—1 
| i F — 2 — et p _ — quibus func- 


tionibus quantitatis x * VA 1X et X prevenit æquatio 


E 


Xs 
=) == naturam curvarum exprimens. 


V 1—x* 
Si K V 8 quantitatis y, eadem calculandi ratione 
gay Yay 


æquatio qua curve cognoſ- 


9 1—4 : we aus 


Quando 


499 |» Metbodu inveniendi\ Lissa Curves, 5 
Qypando 7 I a 7 Yay abſoluta  jutogritions N 


dy 


a Xs 
71 * 1 1 cationem circu et — 
/ +2 = recti fi k, 7 — "I 1 Pf 


10 tegratione perfecta obtineantur, curva eſt e 


Exempl. 47 Si ſit H= . —.— erit "Hs ET ITO 


2y/ay/x 
fita Ar o habetur per theorema (== = » ai. 
2 4 mon „ 1 
et per pals = ſo Mis ches termini 
9152 
quum ſint arcus circulares quorum flags 1 75 = — et 
| 4 
coſinus þ = 4 , poſita Cz So, obtinetur Y ( Nor 2 vary. 
vat as 
que parabolam Apolloniam exprimit, Sn 
„ du! op 
Exempl. 2. Sit H= = exit == 
7 on „ r= Fl 
et fi Aro, per theorema * 
, P 8 


ar Ax 
er inte rationem 
P 8 — 24 V a 
v 1 = * 3 ” 2 
24 — * 3 


æquatio pro curva ſinuum. 


Exempl. 3. Si ſit —— 52 ect / K Y i i LET, 22 +A, 


2 
fi Aro habetur per theorema — dhe 
+2 Vit) 
2 
a*d 
integratione TE uw + (=. * 
a* + 27 a +5 | v 12 
vVI- * fi C=0o, unde x ( = ). —— 
Mae 3, 3 4 Io V Leng? Na 1 


æquatio pro hyperbola æquilatera. 


Exempl. 


. of =? 
ee Cz Fre ® 2. . = 


5 et ds (= © LL 


quæ Tractoriam exprimit. 


THEO RE MA \ VE, 


Defignetur productum tangentium angulorum HCD et BCD 


per U, et angulorum HCD et CKB per V cæteris manentibus 


erit Tay (x =) = 


712 — 9 


Uar, et integratione 94 Tay = F Uar qua ff Tay = x = | Uar = x. 


Et quoniam dx = et VL erit Tr 2 


ö 1 * 
Vay, FP Tar= "a Vay et ** þ* Tax=y+ # Vay. Tn 
= 244. 
2. et 3. prodit T ry et Fox 7 
Cor. Si anguli BCD tangens, cotangens, &c. deſignentur ut 
1 8 
,aber, E . &c. 


Shot, Per hoc theorema curvæ inveniuntur ex data relatione 
inter U et x, atque inter Vet y. Si enim fit U= * functionĩ 


15 50 x erit ＋ Uax = F Xdx + A, per theorema (= 


F : = ha —-2, et Per nn, — +: log. C 
2 2 Xdx— x 


Vol. LXXIV. 5 . 


Ky Xdx—x+A 


ICS REL FE - 


— * 
4 


D_ . 


* æquatione curvarum indoles innoteſcit. 


STE 
VN“ 
2 V= 1 functioni ipſius 3, eadem calculandt ratione pro- 


N. 
nt ( = )- Fed 


dos curvæ cognoſeuntur. 


Evidens hinc eſt quod quoties 7 Xdx vel 97 Yay algebraice 


dy 
1+ Ya+A 


per logarithmos, atque fo; 8 N — 
—1 


— integratione abſoluta, obtineantur, curva eſt 


3 


Exempl. 1. Si fit U 3 at FOd= 3r 4A, f vero ſ Ur 


— = quando x =O erit A= et / Udæ - x = 7 Per theorema 


ata ( ue 
Var +log. C=log. . 


Ss pam 3 dum æ = o log. C - 


log. a, unde facto a 1 tranſitu 2 „ qua 7 = 


57 
ea 21/ x 2 pd 
Var Ar vi-? =7 = ety (= — 


Equatio pro Parabola Apolloniana. 


Exempl. 2. Sit U == erit 1 Udz = _ + A, ſi autem 


Ua o et x=aV/2, erit Ao eee 2 Vi 


3x* 


igitur theorematis erit * _ = — 2 et inte ratione 
S (= 7 on fo p? 5 


4 


2 
witur 2, — ) == - et per integrationem log. 


1—þ*/ I )- e 


log. 


* 


* 
- 


* 


kg. C= log. 5 qua pu 2D, v1 
et y eke Eton quzſitam. 
Exempl. 3. Si v : eritſ Viy=A—2Z, poſitaſ Vdy=o 


et So e- Je . Per theorema obtinetur 


( =: 4 5 * — et per integrationer log. 5 + log. C= 


log. 9, fi q=1 et y=aerit log. C= * a, unde q=L 


* 7 — atque dx pf 22 = curva Ergo 


eſt Elaſtica, 


Exempl. 4. 32 — — L ent F vy = "St 6 N vd | 


9 


za et ya erit Ao, indeque y + { Vdy= 22. The- 


ZI (2 7 —) 82 et integratione 
3+/ Va! 1 


orematis ope habetur — 2 


log. == TS +log. C= 3 4221 et y=0 erit log, C = log. a 


. — SM. 3 1 
et a =» WI =9q - x3 © ds IS = 


= æquatio pro Logarithmica. | 


THEOREM A VI. 


Dicatur ED L, et AE M, retentis præterea adhibitis deno- 


4 M 


aL 
minationibus erit _ dx et ＋ = = dy. 


Quoniam ds: ds : Taz (d R) : 'Tds habetur dL Tar et 
N 8412 dL 


' „ Ss 


z 
. ud 


494 | Methodus inveniendi Linear Curvas 
Ar. Et * : dy :: Tds (dR) : Tay obtinetur dM 


= "IP et = 
e TH = -Uds et Tdx= Voy, erit | fubſticurion 
_ = dy. | 

| Schol. 2 adhibito theoremate inveniri poſſunt curvæ data 
relatione inter T et L, T et M, atque inter U et M et V et L. 


Ponatur L=T functioni 3 * habetur per theorema 


- (= =) S dx et integratione — C=x qua T = x datur. 


__ 2 


Curvæ deinde per theorema 2. elici n 
Si M=T ipſius T functioni, habetur eodem modo T per y. 
Si M=U functioni ipfius U, obtinetur U per x, et fi L= fune- 


tioni quantitatis V, datur V per y. Per theorema deinde 3. et 
5. curvz inveniuntur. 


Evidens ai eſt quod curvz efle non poſſunt algebraice 


L 
nifi 7 = , 5 ＋ 5 — vel 7 © obtincantur integratione ab- 


ſoluta. 


Exempl. 1. Si ſit L = erit dL = ,et per hoc theorema 


18 
Lt 
a ( ==) = dx et integratione — = E +C= x qua T = 


6 * X . ſi 
2 

c= o. Per theore ma 2. W Vax, æquatio pro Para- 

bola Apolloniana. 


Exempl. 2. Si fit M= — F ATT cit dM= - et 


2 2.1+T} 
rar 
ope theorematis - (= et integratione 
. 1+T*] 4 14+T* 


ren. qua ſi CS o, T=" Za Per theorema 3. habetur 


dx — 


ex proprietatibus Variationis Curvature, 495 


der: 206 „ æquatio pro Cy cloide ordinar ia. 


vV a— 
Exempl. 3. Sit L - 4 Verit 4. 2 v et per theorema 
= N (= T)= . dy et integratione —— cs et ſi CS, ha- 
betur VS 5 et deinde per theorema 5. de, —, qua con- 


ſtat curvam eſſe Tractoriam. 


T HE OR E MA 9 


m ut antea CF F et CG G, et ſumma W an- 
gulorum HCD et BCD, H, et di erentia tangentium angulo- 


rum HCD et CKB, K, erit ＋ FI 22 . 
Quoniam dF (=4y+ Tas) : = Has et 48 Ha a 


48 
* a7 * dr et = E Sch. 
— 
Aas 


D LI 7 provenit diviſione 
127 wo i 


School. Auxilio Weg theorematis inveniuntur curve ex data 
relatione inter F et H, G et K, H et I atque K et 1. Nam ſi 


fit F=H functioni * H, vel G= =K funCtioni ipſus K, ha-- 


betur por! theorema © 7 = (=> * =dx et FRY T6 ITY 10 C=x 


— 


qua H per x datur. Eodem modo © = = ©)=4 et integra- 


1 K de * 0 
tione f — + C=y qua K per y obtinetur. Theorema 4. ulte- 


rius progredienti viam monſtrat ad curvas inveniendas. 


Patet 


"4 uu mu Lineos Carve: 
Patet qued curvs non fit algebraica niſi ST LS vel 1 Sobeine⸗ 
antur perfecta integratione. 9 


Exempl. I. 81 fir 72 Iren babetur per theorema Ts 
_adH 


(=x)= = dx, et integratione g +C= 2 qua H= = = 


=> 


= 
VERT æquatio pro circulo. 


— 


, poſita C=o. Per theorema deinde * provenit — 


— 2. Sit F 2 — ow * theorema 
a * R 2— 12 a 
r 20 = = de et oy een facta 


8 HHB 


5 — .C=2, poſita C So habetur H= 


Wn 
, unde per theorema FR bolt 5 Vas -— pro Para- 


2122 
2Vawx 
bola Apolloniana,” NES K 


Exempl. 3. Sit G= - 2 erit per — —— (2 


unde 


S)= dy, et _— ITY =, et ſi C=0 K=2 
„qua conſtat curvam efle 1 


per theorema 4. 4e 


mĩcam. 


T HE OR E MA VIII. 


Dicatur ut antea productum tangentium angulorum HCD 
et BCD U, et productum tangentium angulorum HCD et 


CkB V manentibus reliquis denominationibus erit — = dx et 


Quoniam 


1 


— 
— 


_ 


TE OO AE Oe in poſteriori" 


ES 


- wn 8 4 
e 40 ch - de, fed Tdy =Udr, 
unde 40D U—1dx et — Eeodem modo quum Fu 
7 A exit dF=<y+Tdr, fed Td:=Vdy quare dF = 
1+Vdyet = v = dy. 
Cor. * G2. 
ſtitutione debita —<© 


8. U—1 N 
Scbol. Ope hujus theorematis indagantur curve data rela- 


tione inter G et U vel inter F et V. Nam ſi fit G=U functioni 


4 1—p 
9 » habetur ſub- 


quantitatis U vel F = V fun&ioni 3 V obtinetur per 


20 


theorema in caſu priori (= 20) dx et integratione 


1 

| 
1 
1+V "FOE 


=dy et integration — + C =y, qua V habetur per y. Per 


| theorema deinde 5. curve K 


Datur etiam per Cor. U in p, et V in , et conſequenter T 


_—_— hinc quod « curvæ non ſint algebraicæ mſi 7 1— vel. 


#-= IV btineantur integratione abſoluta. 


—— k — 


5 = g 400 | 
Exempl. 1. Si fit G- erit per theorema U (= 


=) = dx et integratione log. 1 U +log. C= = et ſi C == 
log. 


rema das 5 habetur 5 — © qua conſtat curvam eſt . 
rithmicam. 


 Exempl. 2. E Ge T = — 


r (= i )- dy et per integrationem * 


V= Fa, et per theorema 5. dr= 2 * , =quatio ad cur- 
vam cujus conſtructio a — hyperbola RE: 


THEOREM A IX. 


Sint LC et /c duæ curvæ eandem habentes Evolutam QD, 
dicatur radiorum 0 ſculi CD cD conſtans differentia C b, curve 


Ie variatio curvature 8, ceteriſque ut antea manentibus erit 
1 dp 


Rs v 1—p* Ip | 
Quoniam _ curvature DH evolutz fe RT =R—8S, 


I  RT4þ 
———_— © 4 as = —— 1 
erit — le —» quz per R (= Tax) S 7 multiplicata, 
moſtrat eſſe E 5 1 . 
R—6b - 
| Ger. Si ſint ut antea tangens anguli BCD r et ſecans s, ha- 
AR dr aR ds | 
 betur == — Zett ———— — — 
R 58 FTP R— 28 89881 | 5 
Scbol. Subſidio hujus theorematis invenire licet curvas, data 
relatione 1 inter S et R vel inter S et 1 nam = — 1 Itaque fi 


ponatur 


| 9 ert 2 2 675 = ) 


4 8 : XA 
= «Sf: abgab, — 9 "or <4 Sit 


. 


-+ C = =/ et N logarithmorumm baſi habetur Vi-F 


SE; — 


2 
ER, quibus R per p exprimi poteſt. Per theorema igitur 1. 
curvas internoſcere valemus. 


SiR=S functioni 83 S habetur * 
$—b$ 


= Hp et integratione f&- + C= - = 
— — — Hecht VI NAVY 
71 + C=g,critV1 -F anc ty 
8—38 
quibus S per 5 datur. Per thioremata Partis I. invenire licet 
curvas omnes eandem evolutam habentes. 
Hine videtur, quod curve non fint algebraicæ niſi ones 


1 
vel 3 per girculi rectificationem obtineatur. 
8—38 | 
3133 


Exempl. 1. Si fit _ Tran "_— b=a, erit per 


= _ = - ——== et integrations 
15 = 
/ — 2 . fi vero arcus ille conſtans CO 
2 RVR 2 v1—p 


erit 1 PFK — qua Ra et per Cor. 1. Theor. 1. ha- 


betur dy = — æquatio pro Catenaria. 
x — a” 


Vol., LXXIV. Mee Exempl. 
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— 2 ME Nai 1 | 
R 88 


38 4 * 2 
2 Vip qua fi C=o, habetur V/1 FF e 
1 . p Sa ; . 


„ 0 * * -- 
* W — — 923 * 
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An — Method of opening the 

Temporal Artery. g* 

Alſo an Apparatus, invented by Dr. 
Butter, to ſtop the Bleeding. 

Eſſai ſur la Poſſibilite d'une Machine à 
Oſcillations croĩſſantes. 8” 
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SEVENTY-FOURTH VOLUME 
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PHILOSOPHICAL TRANSACTIONS. 


A. 


CIDS. See 7% Liquor, Red Cabbage, Violets. 

Air, experiments on, by Henry Cavendiſh, Eſq. p. 119. Principal view in 
making theſe experiments, ibid, All animal and veyetable ſubſtances contain fixed 
air, ibid. No reaſon to think that any fixed air is produced by phlogiſtication, p. 
120. Nor by burning of ſulphur or phoſphorus, p. 121. Unſucceſsſul attempts 
to diſcover what becomes of the air loſt by phlogiſtication, p. 123126. Account 


air, p. 127. Examination of the nature of the dew-which lined the glaſs globe, p. 
128. Which is all pure water, p. 129. Examination of the nature of the matter 
condenſed on firing a mixture of dephlogiſticated and inflammable air, ibid. Phlo- 
giſticated air appears to be nothing elſe than the nitrous acid united to phlogiſton, p. 


135. The great probability that dephlogiſticated and phlogiſticated air are diſtinft ſub- 


ſtances, as ſuppoſed by M. Lavoiſier and Scheele, p. 141. Enquiry in what manner 
nitrous and vitriolic acids act, in producing dephlogiſticated air, p. 143- Different 
manner in which the acid acts in producing dephlogiſticated air from red precipitate 
and from nitre, p. 146. - Vegetables ſeem to conſiſt almoſt intirely of fixed and phlo- 


Vok. LXXIV. Uun . gilticated 


of two experiments of Mr, Warltire's, related by Dr. Prieſtley, p. 126. Table of 
the reſult, the bulk of the inflammable air being expreſſed in decimals of the common 


(' 568 ] ns 
© air, p. 148. Manner in which Mr. Cavendiſh would explain moſt of the 
phænomena of nature, on Mr. Lavoiſier s principle of enurely diſcarding phlogiſion, 

Kc. p. 150-1563. 

Air, Remarks on Mr. Cavendiſh's experiments on air, in a letter from Richard 1 

Eig. p. 184. Experiments ſele cted from Dr. Prieftley, to prove that fixed air is ſome- 
how or other produced in phlogiſtic proceſſes, either by ſeparation or compoſition, 
ibid. Ot the calcination of metals, p- 155-161. Of the decompoſition of nitrous 
air by mixture with common air, p. 161—164. Of the diminution of common air 
by the electric ſpark, p- 164. Of the dimioution of common air by the amalgama- 
tion of mercury and lead, p. 165. Of the diminution » 

buſtion, p. 166— 169. 

— Anſwer to Mr. Kirwan's nana upon the Experiments on Air, by Henry 

Cavendiſh, Eſq. p. 170. Reſult of an experiment of Mr. de Laſſone's, made with 

the flings of zinc, digeſted in a cauſtic fixed alkali, ibid. Remarks thereon, p. 

171. See Metals. Experiments to determine if fixed air is generated by a mixture 

of nitrous and common air, p. 172, 173. Curious experiment of Mr. Kirwan's, p- 

174. Obſervation on an experiment of Dr. Pri: ſtley's with a mixture of red precipi- 

tate and iron filings, ibid. The argument on this ſubject ſummed up, p. 175. The 

generation of fixed air not the general effect of phlogiſlicating air, p. 177. 

— Reply to Mr. Cavendiſh's Anſwer, by Richard Kirwan, Eſq. p. 178. Anſwer to Mr. 
Cavendiſh's remarks on Mr. Laſſone's experiment with filings of zine digeſted in a cauſtie 
fixed alkali, ibid. Ditto to his obſervations on the calcination of lead, ibid. Extract of 
Dr. Prieſtley's letter, concerning the black powder which he formed out of an amalgam 

of mercury and lead, p. 179. Fixed air, produced by the diſtillation of red precipi- 
tate and the filings of iron, cannot be attributed to the decompoſition of the plum- 
bago contained in the iron, ibid. Mr. Cavendiſh's s experiment of the nitrous ſele- 
nite's abſorbing fixed air, juſt, and agreeable to Mr. Kirwan's, p. 180. The perma- 
nence of a mixture of nitrous and common air, made over mercury, not to be attri- 
buted to common vapour, ibid. 

—— Thoughts on the conſtituent Parts of Water and of Jephlogiſticated Air, with 
an Account of ſome Experiments on that Subject, in a letter from Mr. James Watt, 
Engineer, p. 329. The author's reaſons for delaying the publication of his ſenti- 
ments on this ſubject, p. 330. Obſervations on the conſtituent parts of inflammable 

air, ibid. Effects of mixing together certain proportions of pure dry dephlogiſti- 
cated air and of pure dry mflammable air, in a ſtrong glaſs veſſel, cloſely ſhut, ſet on 
fire by the electric ſpark, p. 331, 332. See Cavendiſh. Humor, or dephlogiſticated 
water, has a more powerful attraction for phlogiſton than it has for latent heat, but 
cannot unite with it, at leaſt not to the point of ſaturation, or to the total expulſion 
of the heat, unleſs firſt made red-hot, or nearly fo, p. 334. A mixture of dephlo- 
giſticated and inflampable air will remain for years in cloſe veſſels, in the common 
heat of the atmoſphere, without any change, and be as capable of deflagration as 
Ab | when 


[ 509 ]. 
ben firſt ſhut up, ibid. Accounted for by Dr. Prieſtley, ibid. The author aban- 
© dons the opinion that air is a modification of water, p. 335. In every cafe, wherein 
dephlogiſticated air has been produced, ſubſtances have been emplozed. ſome of 


whoſe conſtituent parts have a ſtrong attraction for phlogiſton, p. 336. Phæuomena 
| nn from combinations of the nitrous acids with earths from which the deph'o- 
| cated air is obtained with leſs heat than from nitre itſelf, p. 338. Experiment to 
amine whether the phlogifton was furniſhed by the earths, p. 339. Ditto to deter- 
mine whether any part of the acid entered into the compoſition of the air, ibid. 
Ditto to determine the quantity of acid in the receiving water and in the ſublimate, 
P. 341. Ditto of the diſtillation of dephlogiſticated air from cubic nitre in a glaſs 
veilel, p. 342. If any of the acid of the nitre enters into the compoſition of the 
dephlogiſticated air, it is a very ſmall part; and it rather ſeems that the acid, or part 
of it, unites itſelf ſo firmly to the phlogiſton as to loſe its attraction for water, p. 
344. Any acid, which can bear a red heat, may perhaps concur in the production 
| of dephlogiſticated air, ibid. Dephlogiſticated air obtained from the pure calces of 
metals may be attributed to the calces themſelves, ibid. General reaſoning on the 
ſubject, p. 346. Mr. Scheele's hypotheſis, p. 347. The heat extricated during the 
_ combuſtion of inflammable and dephlogiſticated air is much greater than it appears 
| to be, p- 348. By an experiment of Dr. Prieftley's it appears, that nitre can pro- 
duce one-half of its weight of dephlogiſticated air, p. 349. Dephlogiſticated air, in 
uniting to the phlogiſton of ſulphur, produces as much heat as in uniting with the 
phlogiſton of phoſphorous, ibid. Dephlogiſticated air unites completely with 
about twice its bulk of the inflammable air from metals, ibid. Experiments by Meſf. 
Lavoifier and De la Place, p. 350. The union of phlogiſlon, in different propor- 
tions with dephlogiſticated air, does not extricate different quantities of heat, ibid. 
Charcoal, according to Dr. Prieſtley, when freed from fixed air, and other air which 
it imbibes from the atmoſphere, is almoſt wholly convertible into phlogiſton, p. 
361. Enquiry whether all the heat let looſe in theſe experiments was contained in 
the dephlogiſticated air, p. 352. Not to be anſwered without many new experi- 
ments, p. 353. 
Air, Sequel to the foregoing Paper, in 2 ſubſequent letter from the ſame, p. 354 
Cautions neceſſary to thoſe who may chuſe to repeat the experimentm entioned in the 
| foregoing paper, ibid. —356. Some circumſtances — out which may cauſe 


variations in the reſults, p. 356. 
Alchorne, Mr. Staneſby. See Gold. 
Aleot, Obſervation of the Variation of Light 1 in that Star, in a letter from Sir Henry 
C. Englefield, Bart. p. 1. The laſt viſible period when Mr. Aubert and Sir Henry 


obſerved it, ibid. Reſult of ſeveral obſervations made at different times from mid- | 


night to 2 h. p. 2. The diminution of Algol fully confirmed, and the accuracy of 


Mr. n s period een ibid. Sce Algol in the inda in the * volume. 
Uu u 2 | Alzol, 


50 
Mes, © ob rvations on the Obſcuration of that Star, by Palkch, a farmer, is a letter 


from the* Count de Bruhl. p. 4. Times n, 
Neateſt d miau'ion of the hat's light, ibid. a * 


— "Further Obſervations upon, by the ſame, p. 6. g 
b Nb of the Chino ln n thas Stax, in a benden Juba 
_ Goodricke, Eſq. p. 287. Method purſued to determine, with greater precifion, the 
periodical return of thoſe changes, ibid. With an explanatary table, p. 288. 
Different obſervers may differ in the duration of the variation, and why, ibid. 
Flamſtead has marked this ſtar of different magnitudes, at different times, p. 289 
Short abſtract of Mr. Goodricke's late obſervations on . when its leaſt magni- 
rude was accurately determined, p- 1 
Alkalies. See Teft Ligyor. 
Anarrhichas Lupus, A Deſcription of the Teeth YE of thoſe of the” 
Chztodon Nigricans of the ſame Author; to which is added an Attempt to prove 
that the Teeth of cartilaginous Fiſhes are perpetually renewed, by Mr. William 
Andre, ſurgeon, p. 274. The ſame variety prevails in the interval ſtnuctute of fiſhes 
as in the external form, ibid. Jaws of the wolf - h deſcribed, p. 275, 276. Aug, its 
teeth, p. 277. The teeth of the Chætodon nigricans deſcribed, p- 298. Which fiſh 
ſeems to be miſplaced in Linnzus's Syſtema Naturz, ib. Of the teeth of cartilagioous 
fiſhes, p. 279. See Shark. Their poſterior teeth always found in a ſoft, membranous 
| Kt, and bat imperteciiy formed, p. 281. Explanation of he plates, p. 2B2- 
Hthins, Mr. John. See Mateorolggical Fournal. | 
Aubert, Mr. See Agel. 
w—— Alexander, Eſq. See Meteors. 


Aurora Borealis, curious account of, — Gmelio, * Ruſhing noiſe 
atcacing that phznomenon, ibid. 229. 


B. 


Bark-Tree, Account of a new Species of, found in the Iſland of St. Lucia, by Mr. 
| George Davidſon, p. 452. Botanic character of, by Sir Joſeph Banks, p. 453. Is 
ondoubtedly a ſpecies of the cinchona, ibid. Extract of a letter from Mr. George 
Davidſon, dated at St. Lucia, July 15, 1783, giving an account of its diſcovery by 
Mr. Alexander Anderſon, and its medicinal qualities, p. 454. Mr. Davidſon's 


account of it, p. 455. Explanation of the * p. 456. 
Barker, Thomas, Eſq. See Kain. 


Barometer. See Rain. 


Bergman, Profeſſor, his computaiion of the average height of the northern lights, p· 
227. See Terra Ponderoſa. 


Biagen, Charles, M. D. See Meteor Js 


2 Cavallo, | 


U $542, þ 


G. 


Cavallo, Mr. Tiberius. See Meteors. 


Cavendib, Henry, Eſq. See Air. Wan bbs kf who \diforered that the combuſtion of 


dephlogiſticated and inflammable air produced moiſture on *, ele 
in which they were fired, p. 332. 


Chatoden Nigricans, — 


Clap, Profeſſor. See Meteors. 
Cluſter of Stars. See Conſtraction of the Heavens. 
Cole, Mr. See King's Wells. * 

Coma Berenices. See Conftruftion of the Heavens. 


* 


Canet, extreft of a letter from Edward Pigott, Eſq. containing, the. diſcovery of one, pe 


20. Confuſed notions of the ancients, —— AA them, p- 
201. 

— Obſervations on that of 1783, p. 460. Table of eats fro Nov. 19. 
to 26. and Dec. 23. ibid. Night-glaſs uſed on this occaſion deſcribed, p. 461. 
Its different appearances at different times, p. 461. Table of obſervations made by 

* Mr. Jobn Goodricke, p. 462. Diſcovered on Nov. 26. hy M. de Mechain, ibid. 

Confirufion of the Heavens, Account of ſome Obſervations tending to inveſtigate, by 
William Herſchel, Efq. p. 437. Conſtructien of his lately completed teleſcape, 
ibid. Reaſons for conſidering the heavens as an expanded fᷣrmament of three di men- 


ions, p. 438. Effet of applying the teleſcope. to a part of the Via Ladies, ibid. 


Method of eſtimating the number of the ſtars ſeen, p. 439. Examination of the 
nebulæ and cluſters of ſtars lately given in the Congoiſſance des Temps for 1283 and 
1784, p- 439. Compariſon of different obſervatians of Meſſ. Meſſier and Mechain, 
- with thoſe of Mr. Herſchel, p. 441. Four hundred and fixty+fix pew.nebulez and 
eluſters of | tars diſcovered, p. 442. Nebulæ and cluſters of ſtars ate arranged. into 
ſtrata, which ſfrem to run on to a great length, ibid. Double and treble nebulz, with 
. Qthers of various ſhapes and lights, obſerved, ibid. p. 443 · Gaging the | heavens 
explained, with its uſe, p. 445. Table extracted from the gages, by which it 
. appears, that the number of ſtars increaſes very faſt. an approaching .the milky way, 
p- 446. Conjectures concerning the motion of the folar ſyſtem, if the ſun be placed 
in the great ſidereal ſtratum of the milky way, ibid. Circumſtances attending the 
detecting of nebulæ, p. 443. Nebula of Cancer, part of a ſtratum, its ſuuation, p. 


449. Conjectures — the extent of the ſtratum of Coma Berenices, 
ibid. 


Cooper, William, D. D. See Meteors. 
Copley, Sir Godfrey, his medals adjudged, p. vii. 
_ Callum, Sir John, Bart. See Froſt. 


1 1 


ewige, Mr. George, See Bark-Tree., e 
e Galvex, M. le Comte. See Machines firelatiques. 1 HELP "on 3 
De Ia Place, See Air, Thermometers. © | | Fit yoo 
Double and Triple Stars. See Herſchel. ' : ws oi 2. 
E. , 
Edgworth, Richard Lovell, Eſq. See Meteors. © eh POT 
Elkericiy, its near connexion and analogy * meteors, p. 2332. „ 5 


" Englefield, Sir Henry C. Bart. See Ag. -) 
Bvaporation, that it producescold, ind ence, has been — 1 85 


rimente, p. 383. TRY 
Expanſios. See Thermometer. 


K 5: we ( . 130 : ) F. 
Falling Siars, een made on them by dere perſons a diane b muck ts 
be wiſhed for, p. 224. 
Fire-ball, « remarkable on ſen all over England, p. 286. See Meteo 
Nen. See Anarrichas Lupus. © 
Fixed Air, is now known to be ne. and in bing abſorbed by fre ub- 
- ances, p. 154- . | 
Fixed Stars, on the Means of Avieieg the Ditanie, PETROL &c. of the Fixed 
Stars, in conſequence of the Diminution of the Velocity of their Light, in caſe ſuch a 
Diminution ſhould be found to take place in any of them, and ſuch other Data 
mould be procured from Obſervations, as would be farther neceffary for that Purpoſe, 
dy che rev. John Michell, B. D. p. 35. Rules relative to the above ſubje& from Sir 
- 'Tfaae Newton, with corollaries deduced therefrom, p. 36— 575. The figure, tab. III. 
 explaitied, p. 38. et ſeq. The well<defined round diſk of the fixed ſtars, mentioned 
(by Mr. Herſchel, is not a real diſk, but only an optical appearance, p. 45.. See Air. 
=== On a Method of deſcribing the relative Pofitions and Magnitudes of the 
"Fixed Stars; together with ſome Aftronomical Obſervations, by the rev. Francis 
| | Wiltaſion, LL. B. p. 181. Reaſon for ſuppoſing there may have been ſeveral changes 
among the fixed ſtars, which we little ſuſpect, ibid. Plan propoſed to aſtronomers for 
producing a Celeſtial Atlas, far beyond any thing that has ever yet appeared, ibid. A 
method of diſcovering variations, which when diſcovered, or only ſurmiſed, ſhould 
be conſigned immediately to 'a mare ftrict inveſtigation, p. 182. Manner of pre- 
paring a teleſcope for this purpoſe, ibid. Card more fully to explain this method, ibid. 
. See tab. V. fg. 1. Different ſtars muſt ſucceſſively be made central when any ſoſpi- 
cion 


ES. e 
cion of a miſtake ariſes, p. 185. Beſt kind of illuminator deſcribed, ibid. Hints to 
| aftronomers, if a genetal plan be ſet on foot, 187—189., Aſtronomical obſervations 
- made at Chiſlehurſt in Kent, 190—200. On the eclipſe of the moon, July 30, 
1776, p. tgo. Eclipſe of the ſun, June 24, 1778, p. 192. Eclipſe of the 
moon, Nov. 23, 1779, p. 193. Eclipſe of the ſun, OR. 16, 1781, p. 194. Eclipſe 
of the moon, Sept. 10, 1783, ibid. Tranſit of mercury over the fan's diſk, 
Nov. 12, 1782, p. 197. Occultation of Saturn by the moon, February 18, 1775, 
ibid, Occultations of ſtars by the moon, p. 198. Eclipſes of — $ ſatellites, p. 
199. Explanation of the figures in tab. V. p. 200. 4 
Flanftead. See Algol. 
Froft, an Account of a remarkable one on the 23d of June, 1783. In „Ide the 
rev. Sir John Cullum, Bart. p. 416. State of the air when the froſt happened, ibid. 
Remarkable effects of this unſeaſonable A ibid. p. 47. State of the weather 


* to it, P · 417. 


G. 


Gaging the bea vent. See Conſtruction of the Heavens. 

Gold, Experiments on mixing Gold with Tin. In a Letter from Mr. Staneſby Alchorne, 
of his Majeſty's Mint, p. 463. The general opinion of metallurgiſts concerning 
the mixture of gold with tin, as exprefſed by Dr. Lewis, ibid. Experiments, ſhew- 

| Ing that tin, in ſmall quantities at leaſt, may be added to gold, without producing 
any other effect than what might eaſily be conceived, à priori, from the different tex- 
ture of the two metals, p. 464—467. Experiments 1, 2, 3, 4, 5- with different 
proportions of pure tin and refined gold, p. 464, 465. Experiment 6. to determine 
howfar the fumes of tin, brought into contact with gold, would do more than mix- 
ing the metal in ſubſtance, p. 465. Conclufions from the foregoing experiments, p. 
466. Experiment 7. to diſcover whether the two metals might be more intimately 

combined, and the maſs rendered brittle by additional heat, ibid. Experiments 8. 
and q, with mixtures of gold and tin, from exp. 2. and 4. and an ounce of copper 
added to each, p. 467. Experiments 10. and 11. with equal parts of the laſt mix- 
ture and of the bar from exp. 3. ibid. Experiment 12, to examine whether the 
adding of tin to gold, already alloyed, would cauſe any difference, ibid. _ 
concluhons, p. 468. 

Goodricke, John, Eſq. See Agel. Has one of Sir Godfrey Copley's medals djudged 


to him, p. viii. 


H. 


Halley, Dr. See Meteors. 
Halo, or Rainbow, uncommon one, p. 9. 
| Harwich. 
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36. The far greater part of which are doubtleſs fyſtome of Hire fo near each other 
@ grobebly 39 he feakdly. edAed by tidir manual grovitedies, hid. . 
Mars, Conftrusiam of the Heavens: or 
| Hear of, why found upon gray tes, &e. when thr is no apprarazes of or. 
water, c 
Humfsys, Lieut. See Ting's Wiki | 


Humor. See Air. 


es Mr. of Norwich, Se6 New Plant, | : 


mee, Thomas, Eur Has one of fir one, onen. . aligned 10 Kim 


vi. 

arne Charles, Li. p. See Quadrant. s 
AS 

Le. See Thermometer, Hoar-fro, Evaporation. 

55 Welb, Deſcription of thoſe at Sheerneſs, PE TL and W 


Landguard-Fort, ibid. Ditto of Harwich and its neighbourhood, p- 9. Operations 
_ it the well in Fort Townſhend, Sheerneſs, p. 10—15. Which were much forwarded 
by the affiduity of Mr. Cole, Lieut. Humfrys, and Mr. Marſhall, ibid. Time of 
beginning and finiſhing the work, p. 11. Method of lining the well with wood, to 


_ Prevent the mud's falling on the workmen from above, ibid. and the filtration of 5 


che ſalt-water through the ſand, p. 12. Manner of ſtopping out the falt-water 

entirely, and ſecuring the foundation of the works, p- 13. A piece of a tree dit. 
covered 300 feet from the top of the well, p. 14. The bottom of the well blown 
up, and the water riſes forty feet in the bottom of the well, p. 14. Quality of the 
water ibid, Operations at Landguard-Fort when begun and finiſhed, p. 15. Im- 
probability of finding freſh-water there, which is diſcovered by accident, ibid. And 


is found in great quantities, but at the depth of low-water-mark becomes entirely 


falt, p. 16. Means uſed to remove this impediment, ibid. Conjecture concerning 
the cauſe of the freſh-water, p. 17. Operations at Harwich when begun and finiſhed, 
p. 18. But little water there, and bad, ibid. A new well funk, and —_ 


ſupply of freſh-water procured, p. 19. e the plates, ibid. IR 
Kirwan, Richard, Eſq. See Air. * 


3 | N 5 Lander beck, 


Wen 


Sir Thomas Hyde Page, Knt. p. 6. Some circumſtances reſpecting the garriſons of 
Sheerneſe, Kc. p. 7. Sir Thomas directed to conſider how to remedy the want of 
_ water at thoſe places, ibid. Situation in which he fourid Sheerneſs, p. 8. Ditto of 
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Landguard-Fort. See King's Wells. 
Lapis bufonites, how originated, p. 277. 
Lawoifier, M. See Air, 7 . 
Lewis, Dr. | 
Light, has a remarkable power in enabling one body to abſorb phlogiſton from another, 
0 pe 147. Probability that the uſe of light in promoting the growth of plants, and the 


See Gold. 


production of dephlogiſticated air from them, is its enabling them to abſorb phlogiſton 
from the water, p. 149. 


Lineas curvas, Methodus Inveniendi, ex proprietatibu Variationts Curvaturæ, auctore 


Nicola Landerbeck, Mathef. Profeſſ. in Acad. Upſalienfi adjuncto, Pars ſecunda, 


5 Index to loft volume] p. 477. Theorema I. ibid. Cor. 1. p. 478. Cor. 2. 
- Ibid. Schol. 1. ibid. Schol. 2. ibid, Exempl. 1. p⸗ 480. Exempl. 2. ibid. 
Theorema II. p. 481. Cor. 1. ibid. Cor. 2. p. 482. Cor. 3. ibid. Schol. 1. 
ibid. Schol. 2. ibid. Exempl. 1. p. 484. Exempl. 2. p. 485. Theorema III. 
ibid. Cor. 1. ibid. Cor. 2. p. 486. Cor. 3. ibid. Schol. 1. ibid. Schol. 2. ibid. 
- Exempl. 1. p. 488. Exempl. 2. ibid. Theorema IV. ibid. Cor. p. 489. Schol. 


ibid. Exempl. r. p. 490. Exempl. 2. ibid, Exempl. 3. ibid. Exempl. 4. p- 49t. 
Theorema V. ibid. Cor. ibid. Schol. ibid. Exempl 1. p. 492. Exempl. 2. ibid. 
Exempl. 3. p. 463. Exempl. 4. ibid. Theorema VI. ibid. Cor. p. 494. Schol. ibid. 


Exempl. 1. ibid. Exempl. 2. ibid. Exempl. 3. p. 495. Theorema VII. ibid. 


Cor. ibid. Schol. ibid. Exempl. 1. p. 496. Exempl. 2. ibid. Exempl. 3. ibid. 
Theorema VIII. ibid. Cor. p. 497. Schol. ibid. Exempl. 1. ibid. Exemp!, 2. 


Therema IX. p. 498. Cor. ibid. Schol. ibid. Exempl. 1. p. 499. Exemp. 2. 


p-. 500. 
Liinas, Reſults of its aer mixed with acids, alkalies, &c. p. 419. Fact which ſeems 


to call in queſtion its being always a teſt of the exact point of ſaturation of acids and 
alkalies, p. 420. See Red Cabbage. 


Local Heat, Experiments to inveſtigate the Variation of, by * Six, Eſq. p- 428. 


Thermometers made uſe of in theſe experiments, and manner of placing them, in 
September, 1783, p. 428. Obſervation on the reſult of this experiment, p. 429. 
Manner of placing them on Dec. 19, 1783, ibid. Reſult of the experiment, ibid. 


Different diſpoſitions of the atmoſphere at the time of making thoſe obſervations, 


p. 430. Various ſtate of the weather in September, December, and the 


beginning of January, with its effects on the inſtruments, p. 430-432. Deſcrip- 
tion of the valley in which Canterbury cathedral ſtands, near which theſe 


experiments were made, p. 432. Diſcoveries which may poſſibij reſult from 
experiments of this kind, p. 433. Table I. of the greateſt day variation of 


Vor- LXXIV. wh X ® * Po —— heat 


1 40 3 


heat and coll in ths atmolphers, from the 4th to the 24th of September, 1783. 
takin from three different ſtations, and compared together, p. 435. Table II. of 


the greateſt daily variation of heat and cold, from the n. 1 w 
the Sth of January, 1784, &e. p. 436. 


Lycoperdon. See New Plant. 
M. 

Muchines Aeroflatiques, fur un moyen de ek Dien aux, par Ml. Le Canis DJ 

 Galvez, p. 469. 

Magellan, M. de. See Comet, 

Mann, Abbé. See Meteors, 

. on the remarkable Appearance: at the. Polar Regions of that Planet, the m 
tion of its Axis, the Poſition of its Poles, and its ſpheroidical Figure; with a few 

| Hints relating to its real Diameter and its Atmoſphere, by William Herſchel, Eſq. 

p. 233- Various lucid ſpots obſerved on. the planet Mars, with remarks, thereon, p. 
235—246. Of the direction or nodes of the axis of Mars, its inclination to the 
ecliptic, and the angle of that planet's equator with ita own orbit, p- 247. et ſeq. 
Of the ſpheroidical figure of Mars, p. 261. Obſervations relating to, the polar flat- 
tening of Mars, p. 262. Reſult of the contents of this paper, p. 273. 

Marſhall, Mr. See King's Well, 

Martineaz, Mr. Philip Meadows. See Gs 

Mercure, Obſervations du Paſſage de Mercure ſur le Diſque. du Soleil le 12 Novembre, 

3782, faites à PObſervatoire Royal de Paris, avec des rẽflections ſur un effet quĩ ſe 

fait ſentir des ces memes Obſervatians ſemblable a celuĩ d'une Refraction dans At- 

moſphere de Mercure, par Jobann Wilhelm Wallot, Membre de FAcademie Elec- 

' torale des Sciences et Belles Lettres de Manheim, &c. p. 312. Reſultats dy. caleul 

des obſervations precedentes felon leurs differentes combinaiſons, p. 314. Table des 

reſultats du calcul des obſervations de contacts et du centre de Mercure, p. 319. 

Conclufion, p. 327. 

'  Mereurins „N and red precipitate nearly the ſame thing, p- 144. 

Mechain. See Comet, Conſtruction of the Heavens. 


Meer. See Confiruflion. of the Heawens. 
Metals, two methods of calcining, p. 172. 


Meteorological Journal for the Year 1782, kept at Minehead in Somerſetſhire, by MW. 
John Atkins, p. 58. Deſcription of the inſtruments uſed, and explanation of the 
tables, p. 59. Journal for January, p. 60—63. For February, p- 64—67. For 
March, p. 68—7:. For April, p. 72—-75. For May, p. 76—79. For June, p. 
80—83. For July, p. 84—87. For Auguſt, p. 88—91. For September, p. 
92—95- For October, p. 96-99. For November, p. 100-103. For December, 

p- 104—107. 

4 Meteors, 


[ 59 


n Deſeription of one obſerved Auguſt 18, 1783, by Mr. Tiberias Cavith, p. 
"ro8. State of the weather, and fituation of the meteor, ibid. Its courſe, direction, 
und Auration, p. 109. Acquires a tail, parts into ſeveral ſmall bodies with tails, and 
- difappears, p. 110. A rumbling noiſe heard after its difapptarance, ibid. Con- 
jectural calculation of its diftance, altitude, courſe, &c. p. 1111 
— Account of thoſe of the 18th of Auguſt and ach of October, 1783, by 
Alexander Aubert, Eſq. p. 112. Method he took to be able to give a perfect account 
of it, ibid. Time of its appearance, and ſtate of the Heavens, p. 112. Mander of 
the firſt appearance of that of Auguſt 18, and its different changes, p. 113. Its 
1 ibid. Its duration, and length of its courſe, p. 114. Its ſuppoſed alti- 
tude, ibid. Appeatance of that of OR. 4, ibid. Its coutſe and variety of 
appearances, ibid. p. 118. Time of appearance, ibid. ; 
Obſervations on a remarkable one ſeen on the 18th of Auguſt, t783, by Wil- 
liam Cooper, D. D. Archdeacon of York, 'p. 116. State of the weather and/atms- 
ſphere, ibid. Sulphureous vapours obſerved previous to the Appearance of the 
meteor, ibid. Its courſe, ibid. And altitude, p. 117. Its diviſion into enn balls 
of fire, followed by iwo loud exploſions, ibfd. 
Account of that of the 18th of Auguſt, 1783, in a letter from . Lovell 
Edgeworth, Eſq. p. 118. Its time of appearance, ibid. Its 2 and duration, ibid. 
Was twice eclipſed, ibid. * ö 
An Account of ſome late Fiery Meteors, with Oblerrlls, 8 Letter from 
Charles Blagden, M. D. Sec. R. 8. Phyſician to the Army, p. 201% nt names of 
theſe meteors among the ancients, ib. See Comets. General appearance of that of the 
18thof Auguſt, 1783, p. 202. Its path deſcribed, p. 203. Different ſhapes in which 
| it appeared owing to the different points of view in which it was ſeen, p. 205. Was 
not always of the ſame magnitude and figure, ibid. Different ſhapes of meteots 
accounted for, p. 206. Burſt, and ſeparated into ſeveral ſmall bodies, ibid. Seems 
to have undergone other exploſions before' it left our iſland, and alſo upon the conti- 
nent, p. 207. The extinction of meteors by ſuch exploſions doubtful, ibid. The 
great change in this correſponded with the period of its deviation from its courſe, 
with remarks thereon, p. 207, Obſervations on the light and colours of theſe meteors, 
ibid. Time of its greateſt luſtre, p. 208. And on its height, with the method of 
taking it, p. 209. Eſtimations of the altitude of that of Auguſt 18, by different 
perſons at different ſituations, p. 211—213- Obſervations on the noiſes attending and 
following. theſe meteors, which, by ſhaking doors, &c. is frequently miſtaken for an 
earthquake, p. 215. Its enormous bulk, p. 216. Its duration differently tated, 
and why, ibid. The periods of its duration are moſtly by gueſs, and why, p. 217. 
Its aſtoniſhing velocity, p. 218. Account. af the fire - ball which appeared Oct. 4, p. 
219. Difficulty of accurately determining the direction of its courſe, ibid. Dif- 
ferent opinions about it, p. 220. Its height, ibid. Its ſize, ibid. Its dufatioh and 
| X x x 2 | velocity = 
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ve oi, p. 221. A. ilar one appeared the ſame day, ibid. Meteors which, 
deſcribe ſhort courſes unfavourable for calculating the velocity, but advantageous for 
determining the height, ibid. Reflections on the cauſes of meteors, with different 


opinions concerning them, p. 222. Dr. Halley's hypotheſis, ibid. Opinion of Pro- 

ſeſſor Clap, of Yale College, New England, p. 223. Strong objection to his bypo- 
theſis, ibid. gee Falling Stars, Electriciiy. Mr. Robinſon's account of one ſeen at 
Hinckley in Leiceſterſhire, Od. 26, 1766, p. 225. Curious 1 effect related 
by the Abbẽ Mann, p. 226. See Aurora Borealis. 

Meteors, an Account of that of Auguſt 18, 178 3. made on Hewit S near vork, 
in a letter from Nathaniel Vigott, Efq. p- 457. Its firſt appearance, p. 457» Fig. 

tab. XX. explained, ibid. Its motion, p. 458. Fig. 2. explained, ibid. Its 

** diameter and altitude, ibid. Duration, ibid. Diſtance and altitude at its 
extinction, p. 459. | | 1 | A e 

Michell, rev. John, B. D. See F xed Starr 

Milky Way. See Via Ladtea, 


. N. 4 


| Nebule. See Conf ruction of the Heavens. 

New Plant, an Account of one, of the Order of Fungi, by Thomas Woodward, Eſq. 
p- 423- Generical deſcription, ibid, Manner of its firſt appearance, which renders 
it difficult to detect ir in its earlieſt ſtate, ibid. Its rapid progreſs to its perfect ſtate, p. 
424+ Firſt diſcovered by Mr, Humphreys of Norwich, ibid. Is not the Agaricus 
procerus, p. 425- Approaches nearly the genus Lycoperdon, p- 426. Plants which 
have all ſome affinity with the fructification of this plant, ibid. Comes frequently to 
a ſtate of perfection before it reaches the ſurface, p. 42 7. 


O. 


Ovarium, An extraordinary Cafe of a Dropſy of, by Mr. Philip Meadows Martinean, 
' Surgeon to the Norfolk and the Norwich Hoſpital, p. 471. Age and condition of the 
patient at the beginning of the diſorder, ibid. Her deplorable appearance afterwards, 
ibid. Swelled to an amazing fize, p. 472. Continuance of her diſorder, ibid. 
Number of times ſhe was tapped, and quantitity of water drawn off at each time, 
ibid. p- 474. Compariſon of her caſe with that of Lady Page, related by Dr. Mead, p. 
474. Seat of the diſorder, and ſtate of the viſcera, on diſſection, p. 475. Reflec- 
tions on the whole, p. 476. 


P. 


Page, Sir Thomas Hyde, Kat. See * s Wills 
Palais Paus, what, p. 277. | 
. Palitch, 


. 1 1 
Palitch. See Algol. / 

Phlogifton, See Air, Light. 

P boſphorus. See Air. 

Pigott, Edward, Eſq. See Comet. 
Nathaniel, Eſq. See Meteors. 
Plumbago. See Air. 
Preſents, Liſt of, p. got. 

Prieſtley, Dr. See Air. 


L * 


Q. 


Quadrant, Project for a new Diviſion of, by Charles Hutton, LL. PD. p. 21. Project 
for conſtructing fines, tangents, ſecants, &c. to equal parts of the radius, p. 22. 
Particulars relative to this project explained, p. 23—34- 


EX. 


Rain, Abſtract of a Regiſter of the Barometer, Thermometer, and Rain, at Lyndon, 
in Rutland, 1783, by Thomas Barker, Eſq. p. 283. State of the weather from the 

| beginning to the end of that year, p. 284—286. 

Rainbow. See Halo. 

Red Cabbage, furniſhes the beſt teſt, and in its freſh ſtate hath more ſenſibility both to 
acids and alkalies than litmus, p. 420. Different methods of extracting the colouring 


matter, p. 420—422. And of PRA its virtues whilſt kept in a liquid ſtate, p- 
421 See Violets. 


Red Precipitate. See Mercurius calcinatus. 


* FF 


Scheele, M. See Air. 


Series. On the Summation of thoſe, whoſe general Term is a determinate Function 
of z the Diſtance of the Firſt Term of the Series, by Edward Waring, M. D. Luca- 
ſian Profeffor of the Mathematics at Cambridge, p.385—415., 

Shark, miſtake of ſome naturaliſts concerning that fiſh, p. 279» 

Sbeerneßß. See King's Wells. 

Six, James, Eiq. See Local Heat. 

Solar Syſtem. See Comſfruction of the Heavens, 

_—_— See — 


Teleſcope, See Confiruttion of the Heavens. | 
Terra Ponderoſa, Experiments and Obſervations * % William Withering, M. D. p. 
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293. Terra ponderoſa acrata, its conſtituent parts, ibid. Profeſſor Bergman's con- 
jecture concerning it, p. 294- Its more obvious properties, ibid. Experiments oo; 
p- 295-297. Concluſions therefrom, p- 298. And obſervations thereon, p. 


298 —302. 


Toft Liguor, on a new Method of 0 one to ſhew the Preſence of Acids and 


Alkalies in chemical Mixtures, by Mr. James Watt, Engineer, p. 419. Syrop of 
violets was formerly the principal teſt af the point of ſaturation of mixtures of acids 


and alkalies, ibid. The infuſion of tourneſol, or of a preparation called litmus fince 
ſabſtituted in its ſtead, ibid. See Litmas, Red Cabbage, Violets. | 


Thermometer, See Rain. An Attempt to, compare and connect the Thermometer for 
ſtrong Fire, deſcribed in Vol. LXXII. of the Philoſophical Tranſactions, with the com- 


| mon, Mercurial ones, by Mr. Jofiak Wedgwood, P. R. 8. Potter to Her Majeſty, p. 


388. Thedefign of the experiments recounted in this paper explained, ibid. p. 359. 
The three firſt figures of tab. XIX. explained, p. 359. . Means employed for obtaining 
an intermediate thermometer, ibid. The ſpecies of gage uſed on this occaſion ex- 


- plained by a repreſentation, p. 360. Caution to be obſerved in meafuring the expan- 


non of bodies, p. 361. Effential requiſites of the matter proper for the gage, p. 
362. Tobacco-pipe clay and charcoal why preferred in making it, ibid. Method 
of aſcertaining a fixed point on the ſcale for the diviſions to be counted from, p. 363. 
Method of taking the boiling heat of water, p. 364. And that of Mercury, p. 365. 


Fig. 4. explained, ibid. Difficulty of obtaining the higher degrees of heat, with 


Mr. Wedgwood's thermometer, and his method of performing it, p. 366. Compa- 
rative degrees of the different thermometers, p. 368. Table of a Ag principal points 
that have been aſcertained, to ſhew their mutual relations or proportions to each 
other, p. 370. Scales of the utmoſt limits. of heat hitherto attained and meaſured, 
ibid. 371. Obſervations on Meſſ. Lavoifier and De la Place's method of meaſuring 
heat by the quantity of ice which the heated body is capable of liguifying, p. 371. 
Machine for determining the progreſs of liquifying ice, by expoſing it to a warmer 
atmoſphere, p. 372. Experiment for afcertaining that ice, how cold ſoever it may 
be, comes up to the freezing point through its whole maſs before it begins to liquify 
on the ſurface, p. 373- Experiments to aſcertain the abſorbing power of ice, ibid. 
374- Apparatus (fig. 6. tab. XV.) for uſing i ice in theſe experiments deſcribed, p. 
375. Reſults of various experiments, p. 376—379. See Haar- ef. The freezing: 


of water is attended with plentiful evaporation in a cloſe as well as in an open veſſel, 


P- 381. 


e 
1 387. —— in the coating bf ice (ſee p. 377.) on the outfids- 


of the throat of the funnel, p. 382. 
Tin. See Gold. 


Taurneſol, See Teft Liquors . 
V. 


Pie La, or Milky Wer. „ of the Heavens. Conjetare concerning it, 

P+ 442—447 
Viale, method of making a red infuſion of, which forms a very ſenſible teſt to ſhew che 
preſence of acids and alkalies in chemical mixtures, p · 422. 


W. 


Wallet, Johann Wilhelm. See Mercure. 

Waring, Dr. Edward. See Series. 

Warltire, Mr. See Air. 

Water. See Air. | 

Watt, Mr. See Air, Teft Liguor. 

Wedgwood, Mr. Jofiah. See Thermometer. 
Withering, William, M. D. See Terra Ponderoſa. 
Wallafton, rev. Francis, LL. B. See Fixed Stars, ORs wth © 
Woodward, Thomas, Eſq. See New Plant. x: 
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Tage. Line. 
18. for brighter read leſs bright 


8. for the read thoſe 
11. dele rather | 
8. for the read theſe 

7. for 1784 read 1783 
23. far, firlt, read fixed 

12. for than read that 
1. after from inſert their 

11. for I read K 

In plate XIV. fig. 2. the letter a ſhould be inſerted at the bottom, | 


and the letter þ at the top, of the dotted interval 194, in the 


ſame manner as the letters c and d at the two extremes of the 
dotted intervals in fig. 3. 


In plate XXI. fig. 2. at the lower angle of the diagram, in ſome 
copies, the letter K ſtands by miſtake inſtead of H. 
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